 CEMBER 


(Left) 


Discharge end of furnace 
showing conveyor on auto- 
matic quench tank. 


(Below) 


Charge end of furnace, show- 
ing Controlled Atmosphere 
Preparation Unit at right. 


CLEAN HARDENING SPRINGS 


SC Controlled Atmosphere Furnace Gives 


Clean, Uniform, High Quality Production 

Springs that day after day meet the spx cling require- 

ments of the manufacturer, are har« . in the above 
Race. Satisfactory remus ah athieved because of 

correct’ engineering»— the application of heat — 

the correct atmosphere and accurate control. 


2 

regarding your. ng prob- 
sqM@hey will be glad to tell you ht this and many 
r applications of SC Controlled *tmosphere Furnaces. 


Surface Combustion Corporation 


TOLEDO, OHIO 


Sales and Engineering Service in Principal Cities 
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First came Timken DM tubes to bring to refinery 
operators new economies and reduced operating 
hazards through the replacement of carbon steel 
tubes. Now comes Timken "SICROMO" a still tube 
steel possessing oxidation and corrosion resistance second 

7 only to the expensive 4-6°/, chromium alloys, and available 
tio at a cost that permits it to be used freely wherever the oxida- 
‘* tion and corrosion conditions are too severe for Timken DM. 


"SICROMO" has been thoroughly tested and has come through 
every test with a consistently high score in combating oxidation 
and corrosion. 


"SICROMO" compares closely with the 4-6°/, chrome alloys in other 
characteristics including creep strength, reserve strength and high tem- 
perature yield stress value. 


If you have an operating condition that demands high oxidation and cor- 
rosion resistance, try Timken "“SICROMO" Tubes. You will find them a 
decided economy. Write for further information. 


THE TIMKEN STEEL & TUBE COMPANY, CANTON, OHIO 


District Offices or Representation in the following cities: Detroit Chicago New York 
Los Angeles Boston Philadelphia Houston Buffalo Rochester Syracuse Tulsa 
Cleveland Erie Dallas Kansas City St. Louis Cincinnati 
Huntington Pittsburgh World's Largest Producer of Electric Furnace Steel 


TIMKEN STEEL TUBES 


ELECTRIC FURNACE AND OPEN HEARTH e ALL STANDARD AND SPECIAL ANALYSES 
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Trained Metallurgists Needed 


THE OTHER DAY the Editor was at 
a large steel plant, talking with 
the chief metallurgist. He was 
hired prior to the War and there 
were five men ahead of him. Now 
he has 75 men observing steel 


BU Y 


CHRISTMAS 
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making operations in the plant 
and contacting customers — 75 


men on these two classifications 
alone! 

That fact might be a text for 
an essay on the change in per- 
sonnel required to convert a “tonnage mill” to 
quality, but it actually led to the question, “Where 
did you get these men?” They were hired from 
time to time from likely applicants, largely as 
Few were definitely trained as 
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chance directed. 
metallurgists by an engineering college. 

Such a situation is reflected everywhere. 
Metallurgists are being made by practice rather 
than being trained by colleges except insofar 
as a metallurgist is a converted mechanical or 
chemical engineer. Proof is the growth of the 
American Society for Metals — 
is of men who have to know something about 
metals to hold their jobs or to grow into a better 
position. They have joined by the thousand to 
get this “post-graduate” information. 

Evidence also accumulates that the college 
faculties are not yet alive to this condition. Re- 
fer to the data collected by Prof. W. B. Plank of 
Lafayette College, for Mining and Metallurgy. A\- 
though the number of students enrolled for vari- 
ous courses in mineral technology (principally 
mining, metallurgy, petroleum, ceramics, geology, 
fuel) is at an all-time high, totaling 5564 in the 
United States and Canada in the academic year 
1934-35, only 1027 of them were studying metal- 
lurgy. Only 189 were graduated last spring. 

More men than that joined the American So- 
cety for Metals last month! 

The situation is even worse than it looks by 
statistics, since too many of the metallurgical 


comprised as it 
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courses are given as options in 
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mining schools, and emphasize 
the chemical aspects of metal- 
lurgy (smelting and_ refining) 
sometimes to the almost total 
exclusion of the physical opera- 
tions in the user’s and fabricator’s 
a field where most of the 
How- 


plants 
new jobs will be found. 
hopeful 
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ever, some signs of 
change may be noted. 
What really 
ballyhoo. Metallurgy has never been dramatized, 
We never had a Goethals on the front page as 
builder of a Panama Canal; there have been no 
metallurgical Edisons; war babies in metallurgy 
there were in plenty, but they didn’t get the pub- 
licity of the powder plants and poison gas. For 
that reason too many young men enter college 


needed is 


with their imaginations kindled by the achieve- 
ments of past days in other branches of engineer- 
ing and without knowing the prospects of future 
success in the field of metals. These are the men 
who are later recruited for the jobs of controlling 
quality in metal, and they have to dig in and 
learn a lot of elementary facts they should have 
been taught in school. 

The gist of the above paragraph has been 
said so many times it is almost bromidic. Un- 
fortunately it is something we can’t do much 
about. On the other hand there is an indication 
of a movement further back, in the manual train- 
ing high schools. Some of these new ones 
three or four built by Government funds in New 
York and Brooklyn are happy examples have 
metallurgical equipment and teaching personnel 
which would be the envy of most of the estab- 
lished technical colleges. Youngsters who have 
been exposed to such influences and surroundings 
should soon be knocking at the doors of the in- 
stitutions of higher learning, asking for more 
information about metals. A wise college presi- 
dent will prepare for their coming. 
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Discovery of the Double 


Quench for Carburized Parts 


Now THAT THE SINGLE QUENCH for carbu- 
€ rized transmission gears has been definitely 
established as good practice for certain steels, 
lately developed, it may be interesting to put on 
record the circumstances surrounding what | 
think was the discovery of the double quench for 
case hardened parts — at least as far as its appli- 
cation to automotive gears was concerned an 
operation which held undisputed sway in quality 
parts for 25 years: 

One Sunday, in Detroit in the early part of 
the summer of 1907, I read in the paper that a 
company was installing an experimental machine 
shop and plant lavout department, prior to estab- 
lishing an automobile factory in Saginaw, Mich. 
That company was the Ranier Motor Car Co., and 
James G. Heaslet (formerly of the Garford Mfg. 
Co. of Elyria, Ohio, and at the present time vice- 
president of Cleveland Tractor Co.) was to be 
in charge. 

The next day I called there and was in- 
formed that Mr. Heaslet was the only man with 
whom to discuss steel. A day or so later | was 
fortunate to contact Mr. Heaslet. He politely in- 
formed me that he did not consider the Crucible 
Steel Co. of America, with which I was then con- 
nected, fitted to make automobile gear steel. He 
based his judgment on the fact that he had never 
known it to supply any quantity of gear steel to 
any of the leading automobile companies. 

At that time this was the true situation, but 
after several visits I finally interested him and he 
directed me to call on C. L. Bockus, superintend- 
ent of Western Malleable Steel Co.. which oper- 


By W. P. Woodside 
Vice-President. Climax 
Molybdenum Co.. Detroit 


ated both a drop forge shop and malleable steel 
casting plant. He said he would tell him to give 
me the necessary sizes so I could supply a few 
samples of steel, as Mr. Bockus’ company was go- 
ing to make the drop forgings. The requirements 
of the gears were that they must be file-hard and 
the teeth tough enough to bend practically to- 
gether when one tooth was placed on an anvil 
with a set hammer on the second tooth above 
and sledged. 

| informed Mr. Heaslet I did not believe there 
was a steel that could be simply oil quenched 
(one of his specifications) and still be file-hard 
and as tough as he expected, without first being 
carburized. He told me that such an opinion 
showed either lack of experience on my part o1 
of the company I represented, for salesmen for 
two other companies had told him that. they 
could supply him with chrome-nickel steel that 
would be file-hard when simply oil quenched and 
still tough enough to permit the teeth bending to- 
gether before breaking. 

With these instructions in mind I secured 
an order for the samples and put the matter up 
to the mill. Naturally the reply was that our 
steel would be as good, if not better, than the 
other steels, and a chrome-nickel-tungsten steel 
made at the Atha works, Harrison, N. J... was sent 
to the Western Malleable plant. 

After these gears were forged and machined 
Mr. Heaslet invited the representatives of the 
three competing steel companies to oversee the 
hardening. We all arrived there the same day 
and did our stunts. I still maintained, when Mr. 
Heaslet questioned me previous to the harden 
ing operation, that none of the gears would le 
file-hard. He questioned each one of us sepa 
rately, unbeknownst to the other two. Luckily 
for me, the other bovs assured him they could 
meet his requirements, but all three tests were 
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utter failures as far as hardness was concerned! 

As we were about to leave the plant, talk- 
ing to ourselves, a representative of the New 
Process Gear Co. of Syracuse, N. Y., came along 
and Mr. Heaslet told him what he was up against 
and the New Process representative said, “Why 
Jim, the only steel you should use is 344‘o nickel 
carburized.” Mr. Heaslet asked him where he 
could get it and again luck was with me for he 
said, “Sanderson Bros. Works.” (This was an- 
other subsidiary of the Crucible Steel Co.) 

We then had quite a little conference and the 
upshot was that Mr. Heaslet ordered Mr. Bockus 
to purchase the steel for the first few hundred 
gear sets. Some cars were then being built for 
the New York auto show, and a few demonstra- 
tors were needed for immediate delivery to the 
Ranier dealers. 

Shortly after this the equipment and person- 
nel in the Warren Avenue experimental shop 
were moved to the new Saginaw plant of the 
Ranier Co. and the forgings were shipped there 
and machined. Mr. Heaslet sent for me and I 
assisted him in setting up a furnace and getting 
the necessary carburizing boxes; he himself 
wired up the pyrometer as there was no one else 
in his organization capable of doing so — in fact, 
there were very few men in the city of Detroit 
able to do it. 

We carburized the gears in bone long enough 
to get the desired case and proceeded to harden. 
Then the fun started! The gears were brittle 
or rather I should say that the teeth broke out 
when sledged in the manner mentioned above. 
Naturally Mr. Heaslet said that I didn’t know my 
business and got in touch with the New Process 
Gear Co, and was told to quench at 1450° F. That 
didm't do any good! We then wired the mill 
and it recommended 1500° F. The gears were 
tougher but still didn’t meet with Mr. Heaslet’s 
approval, so he talked with his friends represent- 
ing the other two steel companies and they rec- 
ommended practically the same heat treatment 
that the Crucible metallurgists and the New 
Process Gear Co, had given Heaslet, and that was 
“single quench.” 

Meanwhile it was getting toward automobile 
show time and Mr. Heaslet could see that he was 
going to be stuck for transmissions. In fact, it 
had then got to the point where a couple of 
models were waiting in an express car on the 
siding all ready to rush them to New York in 
time. Naturally, he was very much upset. I had 
been there nearly a week working long hours 
setting up the furnaces, so I, too, was getting quite 


discouraged. 


About five o’clock one night — I believe it 
was a Friday — Mr. Heaslet came out to the hard- 
ening room with the superintendent, James 
Davidson, and when he saw that there had been 
no improvement he went right up in the air and 
told me a few things about my company, about 
myself and all the rest! (He tells me he had been 
on his feet 72 hr., and that probably explained 
his condition.) 

Naturally that wasn’t easy to listen to. | 
had two gears in the furnace at that time and | 
took one out, quenched it and broke it. When 
I found no better results I threw the gear down 
in disgust, washed my hands, put on my coat and 
started out of the plant. During the interval the 
furnace had crept up to about 1550° F., for Mr. 
Cornell, who had charge of the blacksmith shop 
in which the carburizing and heat treating fur- 
naces were set up, wanted to use this small fur- 
nace to harden some tools. When he found the 
other gear in there he asked me what he should 
do with it, and I told him to throw it in the oil 
for it wasn’t any good anyway; 1550° F. was 
surely too hot. 

On my way out the watchman closed the gate 
and told me that I couldn’t get out. Then I cer- 
tainly did blow up and _ started looking for 
Heaslet with blood in my eye. 

I found him resting on the veranda of the 
oflice building and when he saw that I was mad 
he started to smile. “So it’s now your turn to go 
up in the air,” he said. “Now let’s not both of 
us lose our heads over this thing for we have 
simply got to lick this job. For God’s sake don't 
leave me now for these cars have got to be in 
New York and I have to have at least one of them 
to use as a demonstrator. Let’s go out and get 
something to eat.” 

So we went over to a place where we could 
get some dinner and after that I went back to 
work. I put two more gears in the furnace and 
while they were heating I decided to break the 
one that the blacksmith had thrown in the oil 
and I thought had been overheated. I found a 
very fine fracture although I knew it was not 
tough enough to suit Mr. Heaslet; also the case 
was a little coarse. But anyway, here was some- 
thing that was better than we had been getting, 
and my first thought on seeing this fine fracture 
was that the lower temperatures we had used on 
the others had not refined the core, and the 1550 
heat treatment had. This thought was running 
through my mind: “That mill might have sent by 
accident some tool steel along with the nickel 
steel.” Therefore, I decided to harden what was 
left of this gear at as low a temperature as it 
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Photographs Courtesy Cleveland Tractor Co. 


would harden. Being a sliding gear, it had a thin 
flange, and I figured that if the steel was a high 
carbon tool steel this flange would harden if 
water quenched from 1425° F., for we had pro- 
tected this flange very carefully with fire clay 
during carburizing. 

To my surprise the flange did not harden 
the least bit, so I decided to break out another 
tooth and much to my surprise and great delight 
the tooth did not break! I tried all the teeth 
very severely with the file and found them all 
file-hard. Slowly it dawned upon me that we 
had stumbled on the right method to treat these 
gears! It was all very puzzling for we had tried 
these low quenching temperatures before in our 
efforts to try everything. I wondered if the pre- 
liminary high heat had something to do with the 
different results, so I ran another gear at 1550 
I., quenched it, broke out a couple of teeth and 
found the fracture was very fine. I reheated this 
gear to 1425° F. and got another tough one. 1 
heated another one to 1550° F., quenched it and 
went through the same routine, except that | 
dropped the quenching temperature to 14007 F. 
To my great delight I found it file-hard and ex- 
ceedingly tough. 

So I ran over to Mr. Heaslet’s office and 
found him sitting there talking to Kirk Moore 
(now one of the “old timers” in the auto acces- 


sory business). He tried the gear with a file and 
after looking at the bent teeth asked if I could 
duplicate it. I believed that I could and he said, 
“Let’s do it!” 

We hurried out to the plant and double 
quenched another gear. It also came out satis- 
factorily and Mr. Heaslet moved that we all go 
home. We were then staying at the St. Vincent 
Hotel in Saginaw and we went down there but 
didn't go to bed. (Remember this was in the 
pre-Volstead days!) 

To the best of my knowledge this was the 
first double treated gear used in an automobile. 
I made out my report and sent it to our Pitts- 
burgh and Syracuse oflices and received word 
from them that the treatment was all right and 
generally used. The letter was signed by the 
late E. L. French (or at least the signature looked 
like his). Dr. French visited Detroit a few 
months afterward and in the meantime I had 
talked the old E. M. F. Co. into treating pinion 
gears by the double quench. When Dr. French 
witnessed this operation and was told that it was 
done to get tough gears, he replied, “Nonsense; 
1500" KF. is the proper temperature to use. I 
never heard of this double treatment.” 

I asked the doctor if he was sure he had 
never heard of it, and upon returning to the ollice 
showed him the letter he had written. He looked 
at it a minute and said, “That is a duplicate of 
my signature. My clerk probably came into my 
office when I was busy and told me what you had 
said in vour letter. As the report indicated that 
everything was going fine, | probably told him to 
write you saying that the report was O.K., and he 
wrote it up the way he thought best.” 

The double treatment had evidently never 
been used before, for if it had the telegrams and 
telephone calls that Mr. Heaslet made would not 
have all been answered with recommendations 
for the single treatment. Another indication of 
this fact is as follows: 

Walter Phipps, who was superintendent of 
Cadillac’s gear and engine division, was a man 
who had made quite a study of the heat treating 
of gears, and when I demonstrated what could 
be done by double treating steering knuckle pins 
made from carburized ordinary carbon steel, as 
well as double treating 3.50°) nickel steel gears, 
he said that he had never heard of the process 
and wondered if I couldn't get a patent on it. | 
told him that I didn’t think so, because | undet 
stood the “fiberizing” of armor plate really in 
volved what we were doing to these alloy steel 


gears and other carburized parts. 
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A metal envelope for a vacuum tube required three 
essential developments—first, rapid welding of 
vacuum-tight joints; second, a gas-tight insulation; 
and third, a method of sealing a very high vacuum 


Metal Replaces Glass 


in Radio Tubes 


METAL VACUUM TUBES are being widely ad- 
J vertised as an innovation in radio receivers, 
and to metallurgists they are interesting as an 
instance where metal is replacing glass. (One 
metal is substituted for another metal so often 
that it ceases to be news, but when metal replaces 
glass or fabric it is a different and news-worthy 
story!) Consequently the Editor reports some 
information given him during a recent visit to 
Schenectady by W. C. White of the vacuum tube 
engineering department, under whose guidance 
the development occurred. 

In reality the idea of a metal casing for a 
vacuum tube is not new, but its early application 
was prevented by the lack of proper metals or 
processes of manufacture. Consequently, a de- 
vice using glass bulbs with wires of expensive 
alloys leading in the electrical circuits was the 
first practical solution. 

This was reasonably satisfactory (if the 
fragility of a glass container could be discounted) 
until tubes of higher and higher power were be- 
ing built. For this reason: Current is carried in 


a high vacuum by a flow of electrons nega- 
tively charged particles — from a heated cathode 


(usually an “activated” wire or ribbon) to the 
anode or receiving plate. These electrons move 
at high velocity, and their incessant bombard- 
ment on the anode heats this metal plate and this 
heat must be carried away else the anode will 
melt, even though it is made of molybdenum or 
tungsten. It is obvious that in a power tube it is 
very difficult to radiate this heat from inside a 
glass bulb. The same problem exists in X-ray 
tubes, and was discussed briefly in an article on 


gas-free metals by Messrs. Coolidge and Charlton 
in Mera ProGress for November, 1933. 

A correct solution of this problem occurred 
independently to research workers in both the 
General Electric and Bell Telephone laboratories. 
It was to make the anode end of the tube, where 
the electrons strike, of a copper cylinder and 
cool this metal by a water jacket. From this idea 
grew the semi-metal tubes, some of them as much 
as five or six feet high, now used for radio sending 
stations. This involved a metal-to-glass seal, and 
it is ingeniously made by tapering the open edge 
of the copper cylinder to a feather edge and lap- 
ping it over the glass, the feather edge having 
such small structural strength that it could plas- 
tically deform with the changing volume of the 
glass, as it heated and cooled, without breaking 
the seal. This construction was first described 
by W. G. Housekeeper in 1923. 

The second step toward the “all-metal” radio 
tube had to be taken several years ago when 


large electron tubes were being applied to other 
devices than radio equipment.  (“All-metal” 
should be enclosed in mental quoiation marks, 
for there are always the non-metallic insulators 
necessary.) For instance, rectifiers for changing 
alternating to direct current, and = frequency 
changers for alternating current, must handle 
currents of large amperage and the necessary 
glass structures were large and very costly. Cost 
was high because the tubes were not made in 
quantity and because the envelopes had to be pro- 
duced by highly skilled glass blowers. Faced 
with expensive and fragile structures the ques- 
tion naturally arose: “Why cannot we make 
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nese casings of metal, which is certainly vacuum 
ght, and can easily be worked on highly devel- 
ped machinery with labor of ordinary skill?” 

Before this question could be answered af- 
lirmatively, three problems had to be solved, and 
fortunately they were solved almost simultane- 
ously. Problem A was to make an absolutely 


tight joint between various metal parts for 


instance, base, body and top of the outer casing. 
Problem B was to devise an insulating seal for 
the lead-in wires, and one that would not crack 
and leak under wide variations in temperature. 
Problem C was to learn how to clear the metal 
container of its dissolved, occluded and adsorbed 
gases and then seal the vacuum. 

Problem A was solved by refinements in the 


resistance welding process. Parts to be joined 


yne are made simultaneously and automatically by hydrogen brazing 


were lapped, pressed together between conform- 
ing electrodes, and a high current flashed through 
for a fraction of a second, so short a time, in fact, 
that even though the abutting surfaces merged in 
a welding heat, the outer surfaces remained 
cool to the touch. (Such electrical control, by the 
way, is effected by gas-filled, three-electrode 
tubes knowns as thyratrons.) The engraving 
shows how a flat base for a small sized power 
tube is punched and ribbed preparatory to weld- 
ing in two evelets. It also shows a radio tube 
base with seven evelets, which had all these 
joints simultaneously made by hydrogen brazing 
(a process described in Merat Progress, Febru- 
ary, 1935, wherein a bit of copper is placed at 
each joint and the assembly passed through a 


furnace with deoxidizing atmosphere, heated 
above the melting point of copper and cooled be- 
fore removal). 

An economical insulating seal for the lead- 
in wires was a large problem. A variety of con- 
ductors can be led through a glass wall without 
short circuits, since the glass itself has high elec- 
trical resistance, but obviously each wire must be 
carefully insulated from a metal sheath. This 
insulation must be vacuum tight, and remain so 
despite considerable changes in temperature dur- 
ing operation, to say nothing of manufacture, as- 
sembly and exhaust. If an easily made glass-to- 
metal seal could be devised, a bead or cylinder 
of glass would serve excellently for insulation, 

This problem had already been encountered 
in the incandescent lamp industry. lead-in 

wire through glass must be of metal of 
fair electrical conductivity the 
passing current will not heat it un- 
duly; it should be easily workable to 
small wires; it should be “wetted” by 
hot glass so as to form an effective 
seal; it should have a similar coetlici- 
ent of expansion to that of the glass 
so this fragile seal might not be 
broken as temperature” varies; il 
should be inexpensive. Platinum was 
first used; however, the lamp industry 
fairly quickly devised a number of 
substitutes. For many vears the stand- 
ard has been “dumet,” a composite 
wire invented in 1913 by B. FE. Eldred. 
It has a 42%. nickel steel core with 


ilternative Construction of Vacuum Tube Bases. Flange d evel ts of “fernico pure copper sheath, the latter com- 
are welded into the larger base plate. whereas all seven joints in the smaller 


prising about one-quarter the volume. 
This material was also adopted by the 


radio industry for lead-in wires in 


vlass tubes. 

Its principal disadvantages are its cost and, 
for larger tubes, its low conductivity and _ its 
longitudinal expansion differing by 10°, from its 
expansion in a radial direction. Neither figure 
matches glass very well, and the material func- 
tions principally because of the ductility of the 
copper sheath, and is therefore limited to wires 
less than 0.040 in. diameter for currents up to 20 
amp. Lead-ins in larger tubes and lamps, made 
of hard glass, are of tungsten or more recently of 
molybdenum wire. 26 to 28°) chromium-iron has 
been used extensively in Europe, but is a poor 
match for glass if the seals are to be annealed. 

Development of a ductile alloy of iron, nickel 
and cobalt fortunately occurred just at the time 
its need was pressing. A. W. Hull and E. E. 
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Difference in Contraction Between Two Hard Glasses 
and Two Metals. Molybdenum is taken as standard. 
for it was best previously known; fernico parallels 
hard glass very closely. (After Hull and Burger) 


Burger of the General Electric Research Labora- 
tories have described the studies leading up to it 
in an interesting article on “Glass-to-Metal Seals” 
in Physics, December, 1984. The new alloy is 
“fernico” consisting of Fe, 28°. Ni, and 18‘; 
Co. As shown by the graph, its coeflicient of 
thermal expansion is almost identical with that 
of high resistance glass or hard glass up to the 
softening point. The remarkable change in ex- 
pansivity at about 800°) F.. paralleling that of 
glass, is associated with the fact that the Curie 
point of the alloy is at about the same tempera- 
ture as the transition in glass, and the coeflicient 
of thermal expansion of the alloy in its magnetic 
state is luckily only one-third as much as in its 
non-magnetic state. 

Fernico is economically made in ordinary 
steel mill operations, and can be drawn into fine 
wires and stamped into deep cups. The char- 
acter of its scale is such that the oxides are read- 
ily soluble in glass, and a vacuum-tight seal is 
formed when the metal is heated enough to soften 
the glass in contact with it. Although its electrical 
conductivity is low as compared with pure cop- 
per, itis ample for small currents in small tubes, 
and heavier conductors can be butt welded to 
either side of a plate of it so that in circuits carry- 
ing heavy currents the amount of fernico is in- 
consequential. (Similar) parallelism with the 
expansion of softer lead glass and lime glass is 
had by another alloy, called “fernichrome™” by 
Hull and Burger, and containing 387°, Fe, 30° Ni, 
25°, Co and Cr.) 

Two pieces of fernico are used for a lead- 
in through a metal casing. For small tubes an 
evelet is welded or brazed into the steel casing 
and a short wire with a bead of glass midlength 
is centered in the opening so made. For heavier 
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circuits a “pillar” type of lead-in is used, consis! 
ing of a cup welded to an opening in the sheat! 
and a evlinder of insulating glass supporting ; 
fernico cap. Axially through or to this cap may 
he welded a stiff conductor for high currents. 


Standardization of Tubes 


These details have been standardized into a 
relatively few sizes for a wide range of utility. 
Thus ten types of radio receiving tubes have but 
three sizes of shells, and these all have the sam« 
diameters so that one set of welding electrodes 
will serve all. Position and function of leads and 
base pins are also standardized (No. 1 pin is al- 
ways the ground for the shell; No. 3 pin is always 
the plate lead, and so on) which is a boon to the 


set manufacturer and radio service man. 


The last problem mentioned above of get- 
ting and sealing the vacuum is not greatly dif- 


ferent from the glass or semi-metal tube. As 
shown by the photograph below, small 
exhaust pipe is welded into the base and when 
the series of de-gassing and evacuating opera- 
tions is complete, this is merely pinched flat be- 
tween welding electrodes, a tight weld made by 
resistance, and the surplus length cut off. 

It should be remembered that the above de- 


Lead-Ins for Small and Large Circuits. Each requires tivo 
pieces of expansion alloy. In radio tubes the fernico wire and 
eyelet are separated by a glass bead; in power tubes the glass 
evlinder is the insulator, and an axial conductor (not shown 
here) is butt welded into the top and bottom of the fernico cap 
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clopments were made to improve the large elec- 
ron tubes used in power circuits. How its appli- 
ation to small tubes for radio receivers came 
“bout within recent months will now be reviewed. 
Electron tubes for receiving and amplifving 
wireless signals could be classed as laboratory 
productions during the ten years prior to the 
War, but like innumerable other things were 
dislocated during the 1914-1918 period. French 
army ollicers sensed the im- 
portance of using vacuum 
tubes for short range radio 
transmission as soon. as 
warfare settled down to 
siege operations in trenches, 
and a quick demand for 
quantity production of 
small vacuum tubes arose. a 
The electrical industry 
turned to the incandescent — 
lamp plants for help, and 
this is responsible for many ' 
of the features of the con- ; 
ventional radio tube, such 
as the glass stem sealing in . 
all the connections, the = 
glass bulb and the base ce- 
mented on. All these fea- ; 
tures were the product of 
semi-automatic machinery 
already highly developed. 
However, this was not Two 

the most desirable ultimate 
solution of the problem, for 
an incandescent lamp is de- 
signed to let energy out, 
Whereas in radio amplifica- 
tion the opposite is essen- 
tial namely to reduce the 
escape of electrical energy to zero. This is re- 
sponsible for the fact that for many radio appli- 
cations auxiliary walls must be erected inside and 
outside the envelope of a glass electron tube, Cer- 
tain receiving tubes, for example, have a evlin- 
drical plate anode which is bombarded by elec- 
trons on its inner surface. It is surrounded by 
the glass sheath necessary to maintain the vacu- 
um. Next the inner surface of the glass is coated 
with graphite to make it a conductor and thus 
prevent differences in potential from stray bom- 
bardments. Lastly a closely fitting “can” is 
placed around the entire tube as an electrostatic 
shield, to guard against external influence. All 
three of these (inner shield, bulb and outer 


shield) it so happens can be replaced by a single 


Radio Receiving 
Function. Metal envelope on left-hand tube 
is half cut away showing that anode. grid and 
cathode are unchanged in size and spacing. 
Height of glass construction shown at right 


is mostly due to size of the seal and base 


envelope of low carbon steel, a cheap, easily 
worked metal, vacuum tight and a good conduc- 
tor of electricity and heat. 

When this is done, following the methods 
described above for power tubes, one most strik- 
ing advantage is the reduction in over-all size 
Without any reduction in size or clearances of the 
essential internal structure. This is due to two 
facts one, that the metal parts can be manu- 
factured with great preci- 
sion; tolerances are corre- 
spondingly reduced to a few 
thousandths of inch 
p greater than that necessary 
for design clearances. Sec- 
ond, the basing of a metal 
tube can be made more rug- 
ged and compact; a glass 
stem must have a rather 
long skirt so that when its 
outer end is fused to the 
bulb the seals at the top 
will not crack or otherwise 
be harmed by the heat. The 
result is that lead-in wires 


at least one inch longer are 


required, correspondingly 
increasing the over-all 
length of the tube. Flat 
steel tops instead of domed 
glass tops further reduce 
Tubes of Similar the length. 

These smaller outside 
dimensions (averaging one- 
half the volume) can, of 
course, exert a marked in- 
fluence on the size of the 
receiver chassis, particular- 
lv in mobile and portable 
sets. Short leads and much better external 
shielding result in improved characteristics which 
help both to eliminate “tube noises” and to per- 
mit greater amplification, especially short 
wave reception (now an important function of 
all radio receivers). Here it should be cmpha- 
sized that metal tubes are not to be used merely 
as substitutes for glass ones in fact, reception 
may not be improved at all unless the entire re- 


ceiver is built to utilize their characteristics. 
Manufacturing Advantages 


A number of manufacturing advantages are 
following the metal bulb in addition to those 
noted above. Speed of making the unit opera- 
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Metal Envelope and Anode Are Cut Away to Show 
Inner Grids and Cathode. Tubulation for exhaust 
is sealed and then sheathed with insulation to form 
central locating plug on base. (Courtesy “Inco” ) 


tions is one. Resistance welding of 
metal parts is almost instantaneous 
and can be done on dial feed mecha- 
nism at speeds limited only by the 
feeder. 

Copper brazing of joints can also 
be done automatically in a production 
line of any desired capacity, whereas 
the heating of glass to the softening 
point must be done rather delicately 


a glass-to-glass seal taking from one 


trated there are the “control grid, 
the “screen grid” and the “suppresso; 
grid” in order from inside out. They 
are alike in construction, being very 
fine molybdenum wire wound in a 
loose helix of proper size, each turn 
being spaced by notching into two 
stiff nickel wire supports, placed 
diametrically opposite. Molybdenum 
is chosen because it is rigid and non- 
distorting at operating temperatures 
and emits very few disturbing elec- 
trons; the nickel support is inex- 
pensive, soft, ductile, and has high 
thermal conductivity. 

The anode is of nickei for the 
same reasons; it should be kept as 


cool as possible, even under bom- 


to two minutes. Attachment of the SSE bardment, to prevent stray electrons 


base is another matter; cement must 

be used with glass whereas the steel skirt can 
merely be peened or rolled over the molded base 
to hold it firmly in place. Even though the metal- 
working machinery is more expensive in first 
cost, it operates very rapidly, with high precision, 
and requires less skilled and more readily ob- 
tainable labor. 


Metals Inside the Tube 


Much might be said about the internal struc- 
ture of the electron tube since the various parts, 
filaments, plates and grids must have definite 
thermal, electrical and metallurgical character- 
istics, often in a very diflicult combination. The 
essential parts are shown in the drawing above, 
where the envelope and cylindrical anode (plate) 
are cut away on their diameter to show the grids 
and axial cathode within. 

No great change has been made in the essen- 
tial design and materials (other than the bulb) 
and it may be said briefly that the parts are as 
follows, in order from axis outward: 

The heater is a coil or loop of tungsten wire, 
insulated from the cathode by alumina. The 
cathode is a small cylinder of nickel sheet, a re- 
fractory, non-corrosive metal, coated outside with 
a layer of barium and strontium oxides. After 
preliminary heating in vacuum (an operation 
called “activation”) enough of the barium oxide 
is reduced to metal so that the barium becomes 
an eflicient and self-renewing source of electrons 
necessary to carry the current. 

Next surrounding the cathode there may be 
up to three and even more grids; in the one illus- 


from being thrown off, so the smooth 
surface is frequently covered with carbon black 
to increase its thermal radiation. 

Evacuation of these completed tubes to low 
pressures is done on a table, rotating to various 
stations, very much as is done in the incandescent 
lamp industry. An important difference is that all 
the metal in the tube (and it is a relatively large 
amount) must be “de-gassed,” so that it will not 
exude any harmful gas after sealing and during 
operation. This is most simply done prior to as- 
sembly by a hydrogen anneal, which also reduces 
oxides on the surface. Molybdenum is especially 
well cleaned of surface oxides in this way. Nickel 
may be effectively de-gassed in 15 min. at 2200 
F.; the surface is effectively decarburized in an 
hour in hydrogen at the same temperature. 


Preparation of High Vacuum 


Water vapor is difficult to remove from the 
vacuum tube and is a most harmful residue. Con- 
sequently after the tube has been pumped out on 
early stations on the evacuating table, it is heated 
both by external heat and interna: electric cur- 
rents, to “boil out” any adsorbed water vapor. 
Evacuation still continues and the cathode is 
activated by a measured large current. When 
the vacuum pump has done all it can in a given 
short time and the pressure has been reduced to 
something less than a millionth of an atmosphere, 
the small exhaust tube is pinched flat and welded 
tightly shut. 

There still remain, however, enough gas 
molecules to interfere with good operation and 
these are fixed in solid form by reaction with a 
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getter,” such as a magnesium-barium alloy en- 
losed in the tube for that purpose. In the ordi- 
ary glass tube this getter was held in a metal 
up and the latter heated to the reacting tempera- 
ture by high frequency induction. This method 
of heating is unnecessary with a metal sheath, so 
the getter is attached to the shell itself and 
flashed by heating that spot externally with a 
tiny gas torch. The vaporized metal deposits on 
the cooler inner surface of the metal shell, having 
first combined with all of the harmful gases and 
vapors. This reduces the gas pressure many fold 


and correspondingly reduces the number of wan- 
dering molecules which can be ionized and inter- 
fere with the orderly flow of the electron stream. 

It will be observed that the metal envelope 
for radio tubes has not changed the internal 
structure or functions of the device; it is, how- 
ever, a good example of how metallurgical devel- 
opment of an expansion alloy, and the applica- 
tion of most modern metal working and welding 
equipment have resulted in an important change 
in a device entering the American home at the 
rate of 50,000,000 a vear. 


Micrurgy 
By B. L. Clarke and H. W. Hermance 


Condensed from Industrial and Engineering Chemistry 


THE Worb “micrurgy” was originally coined 
a to describe biological micro-dissection. 
Since the term, by its derivation, means “opera- 
tions on a small scale or work with minute 
quantities,” it can logically be used to include 
micro-chemistry, micro-analysis, and chemical 
microscopy. 

A laboratory designed to handle general 
problems in the examination of materials by 
micrurgical technique has been evolved at Bell 
Telephone Laboratories, and the article describes 
the equipment in considerable detail. Much of 
the equipment and many of the processes are 
unique and highly ingenious. 

Tests on materials analyzed or examined are 
usually of a diagnostic nature; samples from 
service failure are submitted and the cause and 
cure is desired. Work includes the following 
classes of metallic materials: Electrical con- 
ductors, magnetic alloys, structural materials, 
and transformation products. Two examples 
will illustrate the types of problems in) which 
micrurgical methods are effective: 

Contact points of various metals and alloys 
are widely used in telephone apparatus, as in 
relays and switches. Rapid qualitative analyses 
are frequently required to identify the alloy. 
Usually only a single contact is available and this 
must not be destroyed. Suflicient sample is ob- 
tained by drawing the metal across a roughened 
spot on a microscope slide. The resulting streak 
is dissolved in acid, transferred to a clear glass 


slide, and evaporated. Identification of this resi- 
due is made by reactions carried out under the 
microscope. 

The micrurgical laboratory is frequently 
called upon to diagnose cases of high contact 
resistance. In one case welded silver contacts 
developed high resistance. An extremely thin tar- 
nish film was detected on the silver. Sulphide was 
demonstrated and the presence of copper was 
made strikingly evident by pressing the contact 
points on ammoniacal diethyl-dithio-carbamic 
acid test paper. The weight of the tarnish film 
on one of these contacts was not more than a few 
ten-thousandths of a milligram. The copper 
contamination probably came from the welding 
electrode. 

The other example is the analytical exami- 
nation of lead cable sheath. Micrurgical methods 
of analysis are of great service, particularly in 
diagnosing cases of failure. When the sheath is 
corroded it is necessary to distinguish between 
the different types of chemical and electrolytic 
corrosion, and, in seeking the cause, to examine 
the environment. Lead peroxide, chlorides 
(anodic products), and free alkali (cathodic), in 
abnormally high concentration, are indicative of 
electrolytic corrosion. Such substances are 
quickly and graphically detected by specific indi- 
cator papers. 

A corrosion product on lead cable sheath, 
examined by test tube methods, might show no 
active ion, and the analyst would be at a loss to 
diagnose the corrosion cause. Under the micro- 
scope, however, tiny pockets might be found 
which contain a high chloride concentration, 
easily detected micrurgically because the test is 
made tn situ and not after dilution below the sen- 


sitivity of the test. 
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Plant and laboratory research has developed many 
copper alloys which surmount the natural dis- 
abilities of the older brasses and bronzes and match 
the severe specialized demands of modern industry 


Corrosion Resistanee of 


Copper Alloys 


CorKnosion resistance of copper and its al- 

e lovs has been known for more than 8000 
vears, and museums have many surviving ex- 
amples of tools and implements from ancient 
Egypt, Spain and Peru. Aside from its electrical 
conductivity, which is responsible for about half 
the present consumption, the extensive modern 
use is due principally to its corrosion resistance. 
The rate of attack by mineral and organic 


acids on commercial copper is dependent upon 


zine and copper go into solution together, the 
copper being subsequently redeposited in a por- 
ous mass. Dezincification may proceed by the 
formation of a more or less uniform layer of cop- 
per on the inner wall of the pipe, or the attack 
may occur locally with the resultant formation 
of isolated plugs of copper. 

It is a common cause of the failure of Muntz 
metal and vellow brass pipe. In such alpha-plus- 
beta brasses the beta phase is frequently at- 


ie the presence of an oxidizing agent and other ions tacked, leaving the alpha crystals in apparently 
ae in solution. The metal copper is very resistant to sound condition. Brasses containing 70 to 80°, 
: alkaline and basic solutions. It also resists oxi- (all alpha structure) are not immune, however. 
dation by water vapor at high temperatures but Dezincification takes place in many aqueous 

ie is susceptible to attack by many salt solutions. solutions and may occur in those which are 
ee . For many corrosive agents to which copper itself alkaline as well as those which are acid. It oc- 
ue is not highly resistant, suitable allovs have been curs more rapidly the higher the temperature; 
3 developed. also the tendency is for local rather than uni- 
1g form dezincification with increasing temperature 
if. Corrosion of Copper Alloys Selective attack may also occur with special 


A. Selective Corrosion Certain types of 
corrosion are frequently associated with copper 
allows, although they are by no means peculiar 
to them. One is selective attack, by which one 
constituent is preferentially removed. So-called 
“dezincification™ occurs in such of the copper- 


zine series, or brasses, as contain less copper than 


brasses or other copper alloys containing man- 
ganese, in which case the manganese is removed, 
An excellent example occurred in one of our 
laboratory investigations of two alloys, one con- 
taining 85‘. copper, 10° manganese and 5‘. tin, 
and the other 85°. copper, 10°, manganese and 
5‘, cobalt. Analysis of the masses of redeposited 


copper showed in each case about 9. of cop- 


in about SO’, . those containing more copper are per, proving that manganese was selectively dis 
% immune to it, The present consensus is that the solved. Selective attack of aluminum has also 
‘ been noticed in some of our test work with 8°, 

i By N. W. Mitchell B. Oxygen Concentration Cells The pres- 
a8 Chase Brass & Copper Co. ence of oxygen or uneven aeration in the corrod- 
t Waterbury, Conn. ing solution is a very important factor in deter- 
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nining both the rate and the distribution of 
orrosion of copper alloys — in fact of all metals. 
Evans has shown that on a specimen partially 
immersed in a solution, the metal in contact with 
the liquid meniscus is cathodic and protected 
und that the metal below the water line is anodic 
and corrodes. In his experiments two similar 
pieces of metal were immersed in two compart- 
ments of a cell divided by a porous partition. 
Both compartments were filled with half normal 
potassium chloride solution and the two pieces 
connected to a milliammeter. When bubbles of 
air free from carbon dioxide were passed over 
one of the metal strips a current registered on 
the milliammeter, the aerated strip being the 
cathode and the un-aerated strip the anode. The 
latter dissolved during the experiment. 

The important fact which this experiment 
establishes is that the presence of oxygen alters 
the potential of a metal, rendering it eclectro- 
positive to a specimen of the same metal im- 
mersed in the same solution in the absence of 
oxygen. Thus a small current may be set up 
between two portions of the same metal to which 
oxygen is supplied at different rates. Another 
important point established is the direction of 
the current, which is provided by the consump- 
tion of metal from the un-aerated clectrode 
that is to say, the portions to which oxygen has 
least access are where corrosion is greatest. 

This conclusion is at first sight paradoxical, 
but the action of oxygen is of the direct chemical 
tvpe and produces a film having some protective 
qualities. These parts are ennobled, and the 
other portions of the metal which have less ready 
access to oxygen are relatively electronegative 
and dissolve by anodic attack of the ions in solu- 
tion. This explains water line attack so fre- 
quently noted in practice. With solutions like 
copper sulphate, which creep considerably, the 
water line area becomes highly cathodic and con- 
centrated corrosion takes place just below. 

It has often been noted that pitting type of 
corrosion frequently is induced by lodgment of 
stones, shells, dead plants or animals (the so- 
called “deposit attack”). These portions of the 
metallic surface are shielded from oxygen, cither 
mechanically or by the reducing action of de- 
caving organisms, and are therefore anodic to 
adjacent oxygen-rich areas; hence they corrode, 

Concentration cells may also be formed by 
differences in concentration of other constituents 
of the solution than oxygen. They may also be 
formed by stirring a portion of the solution, the 
remainder being quiet; copper in contact with 


the moving electrolyte becomes the anode, This 
tvpe of concentration may contribute to corro- 
sion at the inlet of condenser tubes. Another 
common form of corrosion in condenser tubes is 
known as impingement attack, and results in 
deep pitting confined usually to the first few 
inches at the inlet. Impingement of water by the 
collapse of “vacuum bubbles” or change in direc- 
tion of flow removes the naturally forming sur- 
face film, permitting corrosion to proceed at the 
bare spots. Variation in velocity of the solution 
near the inlet end with the formation of eddy 
currents may also set up concentration cells in 
Which the metal in contact with the more rapidly 
moving water becomes anodic. 

Intercrystalline Attack occurs with many 
metals under certain conditions. It results in a 
weakening of the bond between crystals or grains 
of the metal by penetration of corrodent at the 
grain boundary, at least superticially. Even in 
severe intercrystalline attack the grains them- 
selves are usually left in the original condition, 

There are three distinctions which may be 
made. One variety of failure occurs because of 
internal stresses within the metal plus a specific 
superficial corrosion. This is known as season 
cracking and has been a common cause of failure 
of high brass alloys, although it may be prevented 
by removing the internal stresses by low temper- 
ature heat treatment. 

Even with internal stresses properly relieved 
some alloys may still fail by intercerystalline 
cracking if they are corroded while under suf- 
ficient external stress. This we refer to as “stress- 
corrosion cracking.” The corrosive action caus- 
ing both season cracking and stress-corrosion 
cracking need be but very slight. If the metal is 
entirely unstressed, failure at the grain bound- 
aries is relatively rare. It does occur, however, 
under certain conditions (which are usually 
severely corrosive) resulting in a penetration of 
the grain boundaries and subsequent break-down 
of the metal along these boundaries. A distine- 
tion may therefore be made between season 
cracking, stress-corrosion cracking inter- 
crystalline corrosion; however, corrosive condi- 


tions are necessary for all of them, 


Resistance of Copper Alloys 


Copper-Zine Sertes The brasses are well 
known industrially, and naturally have been in- 
tensively studied as to their corrosion resistance, 
The conclusion may be broadly stated that the 


red brass containing 85‘, copper has a maximum 
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resistance not only to sea water but also to 
many other solutions. 

For plumbing work the alloy first used was 
the high brass Muntz metal, consisting of 60° 
copper with the balance zine. Corrosion by 
dezincification of the beta phase led to the adop- 
tion of a “two-and-one” alloy of 67‘, copper 
having an all alpha structure but in certain 
types of corrosive waters, and in most waters 
used continuously at high temperatures, it has 
been seriously dezincified. 

Use of red brass containing 85‘; copper, bal- 
ance zinc, has greatly improved the life of plumb- 
ing work. In addition to having a maximum of 
corrosion resistance for the copper-zine series, 
red brass will not dezincify under any conditions. 
It is also practically immune to season cracking, 
has a maximum of fatigue resistance for the cop- 
per-zine series, and is a logical choice where good 
physical properties are required in addition to 
corrosion resistance. 

Admiralty metal, an alloy of 70°. copper, 
29° zine, 1%. tin which has been used for many 
years for condenser and heat exchanger tubing 
in the marine, power plant and oil industries, is 
classed with ordinary high brasses with respect 
to its susceptibility to dezincification. At the 
present time, red brass is gradually replacing it 
where admiralty metal has failed by dezincifica- 
tion. One direct comparison may be given where 
admiralty pipe, handling hot sea water in certain 
hotels at Atlantic City failed in about two vears; 
red brass is in good condition after eight vears. 

Admiralty metal has long been used for 
condenser tubing in marine work and power 
plants. Cooling water velocity has been greatly 
increased during the last ten years, and such 
tubes have frequently failed by impingement at- 
tack. Resistance to this type of corrosion de- 
pends largely upon the protection offered by a 
surface film, and such a film is formed by the 
addition of about 2°. of aluminum to a high brass 
alloy. One such alloy has the composition 76°, 
copper, 2% aluminum and the balance zine. 
This aluminum brass forms a natural protective 
film when immersed in sea water, very adherent, 
healing rapidly whenever it is broken, and tubes 
of it have given many times the life of ordinary 
brass or admiralty tubes. 

Unfortunately, however, aluminum brass of 
this copper content is very susceptible to plug 
tvpe dezincification and wherever conditions are 
such that dezincification can occur this alloy is 
rapidly penetrated. There recently has been de- 


veloped an alloy consisting of 82° copper, 2% 
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aluminum, 1‘; tin and balance zine in which the 
susceptibility to dezincification has been entirely 
overcome with no sacrifice of resistance to im- 
pingement. 

Copper-Tin Alloys (bronzes) have been 
known almost as long as copper itself. Their 
resistance to certain forms of corrosion, particu- 
larly acid attack, is responsible for many uses 
such as pump liners and casings handling acids 
and other corrosive solutions. Tin bronze is well 
known in the form of castings for plaques and 
tablets exposed to the atmosphere. Phosphor 
bronze has a large field of usefulness for high 
strength corrosion resistant rods, tubing and wire. 
The usefulness of tin bronzes has been limited 
by the difficulty involved in working; search is 
now being made for a ternary bronze with better 
mechanical and working properties. 

Copper-Stlicon Alloys In order to satisfy 
a demand for a high strength, corrosion resistant 
alloy that would be suitable for structural and 
fabricating purposes the silicon bronze alloys 
have been developed. In particular an alloy with 
copper silicon zine 1% has resulted 
from long and careful laboratory and plant in- 
vestigations. This alloy combines most of the 
properties desirable in engineering alloys to an 
unusual extent; modifications may be furnished 
which, in suitable temper, will fill almost any 
specification. 

In general, the high strength silicon-copper 
allovs are equal or somewhat superior to pure 
copper in corrosion resistance; for many solu- 
tions they are markedly superior. The composi- 
tion given above has a much greater resistance 
to season cracking and stress-corrosion cracking 
than most high strength alloys. 

As examples of its many uses may be listed 
sand castings, bolts and nuts, forgings, propeller 
shafts, structural shapes and tanks of all kinds. 
This alloy may also be readily welded by any of 
the common methods. 

Copper-Nickel Series Copper and nickel 
are soluble in each other in all proportions. With 
the increasing corrosion of ordinary brass and 
admiralty condenser tubes and the search for 
more corrosion resistant alloys to replace them, 
study was given these solid solution alloys. The 
ones now used commercially contain 20 to 30% 
nickel, a few per cent of zine being added in some 
cases to facilitate casting and manufacture. 

It was found that alloys containing less than 
20°. nickel are not much better than brass in 
actual service. The behavior in service, how- 
ever, of 20% and 30% nickel tubes was so su- 
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perior to that of brass that these allovs are being 
used for condenser tubing in the larger steam- 
ships and ocean liners, and have frequently given 
many times the life of the tubes they have re- 
placed. 

These copper-nickel alloys (even those con- 
taining a little zinc) are not susceptible to selec- 
tive attack of the dezincification type and are 
entirely immune to season cracking. 

Resistance of the copper-nickel alloys to 
alkaline liquids, saline solutions, sea water, boiler 
feed waters, dilute mineral acids and organic 
acids in fruit juices is very marked. This has 
led to many industrial applications. Since the 
copper-nickels consist of a single phase, corro- 
sion when it occurs is usually uniform in nature 
rather than the localized types of corrosion and 
pitting which are most apt to lead to premature 
failures. In general the resistance increases with 
the nickel content. 

Copper-Aluminum Alloys (aluminum 
bronzes) have gained a considerable reputation. 
The commercial ones contain usually 5, 8 or 10°, 


aluminum. They have very high strength and 
hardness, and are used for pump parts, rods, pro- 
peller shafts and other similar parts. 

For several reasons the use of aluminum 
bronze has been very limited. It is diflicult to 
obtain good castings of the alloy and its hardness 
and strength have proved a drawback to its 
manufacture. Although resistant to many corro- 
sive solutions, aluminum bronze is susceptible to 
selective corrosion in other exposures. This 
results in deep pitting of the alloy and in some 
cases to penetration by the formation of copper- 
rich plugs. 

Nickel-Aluminum Bronze is an alloy of cop- 
per, nickel and aluminum which combines the 
favorable properties of the copper-nickel alloys 
and the copper-aluminum alloys while avoiding 
the undesirable properties of the latter. It was 
developed after many vears of research for an 


acid resisting metal, and has been used for many 


vears in the form of castings for steel pickling 
equipment, handling dilute sulphuric acid. The 
more recent manufacture of the alloy the 
form of pipe, tube, sheet and rod 
has greatly extended its field of 
usefulness. 

Due to its aluminum content, 
nickel-aluminum bronze has good 
resistance to hydrogen sulphide 
and for this reason is destined to 
be of great help to the oil indus- 
try for heat exchangers in refin- 
eries handling crude oil on one 
side of the tubes and oil vapors 
containing hydrogen sulphide and 
hydrogen chloride on the other 
side. The maximum tempera- 
ture in most of these heat ex- 
changer units is 450 or 500) F., 
and the conditions are usually too 
severe for all but very few alloys. 
Nickel-aluminum bronze has al- 
ready been installed in many such 
heat exchangers, and present in- 
dications are that it will be highly 
satisfactory as well as econom- 


ical for this use. 


Vew Industries Rely on Old Materials 

This Photograph Was Taken Inside 
a Large Copper Duct in an Air Con- 
ditioning System. Courtesy Applied 


Photography” and Eastman Kodak Co. 
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Castiron can be hardened and strengthened most easily by add- 


ing nickel, chromium and molybdenum to a low silicon base. 


High alloys of this sort are martensitic and come hard from the 


mold. Low alloys may be further benefited by heat treatment. 


Hardening Cast Iron 


With Alloy Additions 


Up ro A PEW YEARS AGO, “hardening of cast 
A iron” was a topic avoided by foundrymen. 
Too many of them were concerned with the prob- 
lem of making easily machinable irons to expend 
much effort on developing hard ones! Gradually 
the idea that an iron could be both hard and 
machinable spread abroad and that the limit of 
machinability was fixed by the character of the 
casting’s structure rather than by its Brinell hard- 
ness number. The trend toward harder and 
harder irons ensued until today the objective fre- 
quently consists of making castings as hard as 
the application, structure, and shape will allow. 

The reason for this trend is obvious. It is 
done to reduce wear. 

A great deal of discussion can be aroused 
over whether hardness bears any relation to 
wear. The correct answer may best be achieved 
by taking a long-range perspective of the progress 
of a decade, which clearly shows that machine 
parts subjected to wear are being successfully 
produced to higher and higher hardness levels. 
In fact, this progress is not limited to the gray or 
machinable irons, because the white or “unma- 
chinable” irons, heretofore considered to be 
easily superior in hardness to the gray irons, were 
being replaced by the latter, so that even the 
white irons have had to be improved in hardness 


and wear resisting properties. 


By J. S. Vanick 
Development & Research Dept.. 
International Nickel Co.. Ine. 


Means for making small changes in hardness 
of a cast iron are well known to all foundrymen, 
but they usually sacrifice other properties or 
risk losing the casting itself. Casting against 
chills is the commonest means, but this produces 
a skin densening rather than substantial hard- 
ening. Usually what would otherwise be a very 
soft iron is emploved to avoid forming exces- 
sively hard spots in the chilled skin, and as a re- 
sult, the remainder of the casting is open grained 
and lacking in strength or rigidity. Correct chill 
casting requires special analysis iron and special 
foundry practice. 

Shops making machine tool castings, for ex- 
ample, are rapidly eliminating the use of chills 
for hardening ways and slides and pouring in- 
stead a stronger, stiffer, harder, unchilled, alloved 
iron. An excellent example is F. J. Dost’s article 
in Merar Progress for August. 

A moderate pick-up of 10 or 15 numbers on 
the Brinell scale may be obtained in an unalloved 
iron by lowering either the carbon or silicon con- 
tent or both, thus lowering the amount of graphite 
and increasing the amount of combined carbon. 
The limiting factor in this practice is the occur- 
rence of chill spots, chill edges, or brittleness. 
Increasing the manganese, sulphur or phosphorus 
acts similarly and has the same limitations. The 
so-called pearlitic irons, some of them processed 
by pouring metal of a specific composition into 
preheated molds, were limited by the same fac- 
tors. Superheated irons offered another means for 
obtaining a small improvement in hardness, but 
they were accompanied by an astounding need 


for control in melting and precision in pouring. 
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All of these methods require that the found- 
ryman take a chance on the results really an 
unnecessary risk if the more positive methods of 
hardening to be outlined below are employed. 

First, note should be taken of the function 
of carbon in cast iron and steel. The most com- 
mon method for making a harder s/eel casting 
consists of increasing its carbon content from the 
usual 0.25 to 0.35'. up to approximately 0.60 or 
even 


iron, if its composition is properly balanced, 


As a matter of fact, well-made gray 


should possess a “dissolved” or combined carbon 
content of about this higher order, with none of 
the free carbon segregated into knots or clusters. 
A “correctly balanced” iron will be defined as 
one containing just enough combined carbon to 
vield a full pearlitic structure; an “overbalanced 
iron” is one with excessive graphitization; an 
inadequate 


“underbalanced iron” one with 


graphitization. Throughout the following dis- 
cussion, a perfectly balanced composition and 
casting is implied in which the graphite flake is 
just right as to size and dis- 
continuity, and the body or 
metallic portion is fully pearl- 
itic. Its achievement in actual 
practice with a plain cast iron 
(not alloved) is not so simple. 

Most 


are 


commercial 


gray 
‘overbalanced” be- 
cause they contain an excess 
of silicon, with the result that 
they are excessively graphitic 
and hardness levels may fall 
as low as 120 to 160 Brinell. 
This can be corrected by re- 
ducing the silicon, thus reliev- 
ing the tendency to graphitize 
and building up the combined 
carbon content in the pearlite 
so that the resulting hardness 
in the otherwise unalloved 
cast iron approaches 170° to 
190) Brinell. 
total carbon content) accom- 


Lowering — the 


plishes a similar result but this 
is naturally less susceptible to 
control in cupola melting than 
adjusting the silicon. 

The nearer the base com- 
position, as cast, approaches a 
hardness of 180 Brinell in the 
casting, the less slack will 
need to be taken up by the 
alloy additions in building the 


hardness of the casting up to the higher levels. 

From these considerations it results that 
hardening by direct alloying is the most popular 
A good 


or even an indifferent grade of cast iron can be 


and economical means emploved today. 


alloved with suitable amounts of nickel and other 
elements such as chromium and molybdenum 
and the hardness increased from as low as 110 
Brinell to 400 or 150, 


lovs needed to achieve maximum hardness may 


The quantity of these al 
be as little as 0.75‘. for a very thin casting (' x. 
in. thick) or as much as 6. for castings exceed- 
ing 2 to 4 in. thick. 


Small Additions for Cylinder Blocks 


The use of small additions of nickel and 
chromium or molybdenum (total under 2°.) is 
usually confined to light sectioned or irregular 
shaped castings. The type which can be de- 
pended upon to respond well to a small addition 
of allovs is illustrated in the photograph below 

of an irregularly shaped 
casting, split down its axis, 
possessing a fairly uniform 
hardness and grain through 
wide changes in section, 

Quite frequently, cast 
ings of this type require a 
preliminary adjustment in 
their microstructure to 
achieve uniform hardness. 
If the dominating structure 
is ferritic (as is character- 
istic of excessively high sill- 
con tvpes), then small 
excess of chromium or mo- 
Ivbdenum may be used to 
restore full peartitic 
matrix. On the other hand, 
if localized hard spots, cor- 
hers or edges occur (repre- 


senting segregated zones of 


l niform Hardness and Grain Size 


@205 — Vay Be Achieved in Castings of 
0/99 199° Irregular Section With a Moderate 


| 205 @ 0203% iddition of Nickel and Chromium 
196 @ or Molybdenum) if the Original 
203 Composition Is Such as to Be Fully 


099. 2076" 
203 


Pearlitic UW ith Fine. Discontinuous 
Graphite hlakes. Tensile strenath of 
this irregular casting ts 35,000 psi. 
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ungraphitized carbides) then small additions of 
nickel alone will make the structure finely 
graphitic and fully pearlitic. From this base 
level achieved in either way, a gradual and 
steady response to increasing alloy additions 
can be expected up the hardness scale as illus- 
trated in the chart alongside. 

Nickel alone could be used to increase the 
hardness, especially in low silicon irons, except 
that 3 to I. would be necessary to pick up 50 
points on the Brinell scale, while nickel plus 
chromium will achieve the same results with 
less than half as much alloy and at consider- 
ably less cost. Since the alloying addition ts 
balanced so that the carbide-forming tendencies 
of the chromium are checked by the nickel, the 
two clements combined raise the hardness level 
uniformly, without unbalancing the structure. 
A thin section requires less alloy to achieve a 
hardness equal to that of its) neighboring 
heavier, more slowly cooled, thick section. — It 
is also evident that the lower silicon composi- 
tions in these normal carbon compositions re- 
quire less alloy; also that variations in hardness 
with mass for a given alloy content are less in 
the low silicon type than in the high silicon type. 

Excellent examples of hardening cast iron 
by small additions of alloys are illustrated in 
evlinder block castings where not only is the 
prevailing hardness raised, but it is also equal- 
ized. Softened zones produced by the annealing 
effects of hot sand cores are erased, as shown 
in the diagram at top next page in the uniform 
hardness level of the evlinder bore in the region 
of the cored-out water jacket. 

Machine tool beds, saddles, and heavy sec- 
tional parts illustrate another example of alloy 
hardened castings, where frequently only the 
heavy sections need to be machined and the 
lighter sections can be used with a somewhat 
out-of-balance alloy addition. 

Other commercial castings employing this 
alloying procedure to obtain a desirable degree 
of hardness are eylinders for compressors, 
pumps and engines, castings like cams, clutches, 
brake drums and gears, and light sectioned ma- 
chine parts. Occasionally, heavy sections such 
as machine tool beds and saddies are mildly 
hardened by the same amount of alloy which 
would distinctly harden thin castings. 


Moderate Additions for Heavy Castings 


Nickel-chromium additions to a total of 2 
to 4) are usually made to harden heavy sec- 


tions moderately, as shown in the diagram at 
bottom of the next page, or to harden greatly ¢| 
light sections as shown in the diagram below. | 
lines shown on page 45 are general limits { 
rather heavy work; pieces 1x1x4 in. may be « 
pected to be about 20 numbers harder than 4x 4) 
in. blocks. Characteristic changes may also 
observed in the microstructure. The rather coar 
pearlite in the plain iron, hardness about 160, 
viewed at 500 diameters magnification, becomes 
finer and finer with increasing nickel content 
until at about 250 to 275 Brinell it is cloudy and 
unresolvable (a desirable structure ordinarily 
called sorbite). As hardness of 325 is reached and 


passed, martensite appears as a microconstituent! 


400 
550 Flow Silicon, €.g:'— 


3.5070, 1.1081 ~\ 


1.40 


3500 ¥ ; 
To 
t 
250 525 
¢ 
200 Curve for Nicke 
(No Chromium) in 
Low Silicon Grey Iron 
150 < 


8rine// Hardness on Surface 


Nie O O60 1.20 1.80 2.40 3.00 3.60 4.20 
Cr: O 0.20 0.40 0.60 0.80 1.00 1.20 1.40 


Hardness Versus Alloy Content in “Balanced” Gray Irons. 
Lighter sections and lower silicon (that is, denser, pearlitic 
irons) require less alloy for a given hardness. Nickel plus 
chromium gives higher hardness than does nickel alone 


The lower line on the diagram just above 
shows a gray cast iron will be hardened by in- 
creasing its nickel. The photographs on page 46 
show that it also reduces the tendency to chill into 
hard, unmachinable iron. In the photograph the 
2x4x4-in. chill blocks of car-wheel iron show the 
unalloved block to consist mostly of chilled white 
iron, unmachinable and possessing » Brinell hard- 
ness of about 380. As successively larger nickel 
additions are made, the chill is decreased until 
at approximately 5° nickel no chill remains, even 
though the microstructure is martensitic with 
about the same hardness. The important distine- 
tion is that this chill-free or carbide-free structure 
is now machinable, whereas the base composition, 
chill cast, is not. (4 to 6° of nickel would obtai 
a Brinell hardness of only 275 ina good low silico! 
iron, while the data already given show that this 
hardness can be readily developed with about 3 
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higher carbon tvpes of irons solely to possess a weat 


resisting structure and a high hardness.  ¢ astings in 


a = Cored Water Jacket } commercial production which require moderate alloy 


ing additions are usually similar in nature to those 


Section of Cylinder We// 
previously mentioned for small alloy additions, vet 


with considerably thicker sections. Examples ar 
a }——_}__+___|_| heavy duty gasoline engine parts, diesel and steam 
Nicke/-Chromium Iron Cylinder oN engine castings, heavy gears, cams, crankshafts, cam 
4 4+— + + + + + + + . 
shafts, dies, rolls, mining machinery, valves and 
0.54 292 244 13! pumps handling abrasives. 
No.2 0.54 3.25 245 — 
+ T T 7 7 
Large Alloy Additions for File-Hard Dies 
a Nickel-chromium additions in the range of 4 to 
| Cylinder are frequently employed to develop maximum ma- 
| | | | | : chinable hardness in heavy castings. In this case it is 
desirable to work with compositions low in. silicon 
and preferably not too high in carbon, 
Distence from Bottom, Inches Gray iron has been described, for simplicity’s 


Sia ; sake, as a steel interspersed with graphite. Unfortu- 
Cylinder Walls Hardened by Proper Alloying. fo | gral 


nately, grav iron structures differ from steel not only 
innealing effect of water jacket core on the plain oN tructul liffer from steel not ° 


iron is absent in the nickel-chromium cylinder because graphite is present, but because silicon is dis- 


solved in the iron in substantial amounts. Silicon is 


a powerful graphitizer. More or less abruptly it un- 


kel pl ' ' Furtl balances the normal tendency for an iron-carbon alloy 

nickel plus 1‘. chromium.) Further notes 
to solidify with practically all of its carbon fixed in 
on the practice of casting against chills will a 
ticl combination with iron as carbide, and precipitates 
given later in this article. 
aa ‘ , graphite not only during solidification but during the 


It has been known for some time that a ; 
subsequent slow cooling. The net result is that in- 


important load-carrving castings such = as 
| . er 5 stead of a fully pearlitic “steel” body, a matrix with 


gears, cams and crankshafts develop maxi- 


0.30°, carbon or even less may result. 
mum strength in carefully melted, alloyed, 


Cast steel, on the other hand, whether it contains 


low carbon (2.8057 C) compositions possess- 
) I I or 50% or 0.905, and whether the section is 


ing a hardness range of 220 to 280 Brinell. a: 
‘ ~—— 1, in. or 8 in. thick, will solidify with a fairly uniform 


This combination of strength and hardness 
, distribution of its carbon as carbide, since it contains 


is not alwavs important; dies, brake drums . 
7 . an ineffective amount of silicon. Nickel can be added 


and minor machine tool parts are alloved in :; 
. to steel in large amounts with results somewhat in 
opposition to those just described for silicon; the 


eS matrix is strengthened, toughened, hardened and the 


properties at the core of heavy sections evened up. 


490 F— | These facts are well known and have been uti 
Y lized in various ways. Sipp and his co-workers, in 
@ 400 T T T ] their patented preheated mold process for obtaining 


fully pearlitic iron, insist on low silicon iron and ree- 


280TC, 1.0Si- 


+ 


ommend that nickel be used to obtain the necessary 


degree of graphitization and uniformity in structure, 
@ 300 Piwowarski expresses the same thought in his 19514 
paper in Transactions of American Foundrymen’s As 
% 250 sociation, in referring to the “insensitivitw” of irons 
1560 fn Extension of the Data Given in the Diagram on the Opposite 
% Ny: 120 180 240 3.00 3.60 420 4.80 Page to Cover Sections From Ixt In. to txt In. When the 
%Cr: 0.40 0.60 0.80 1.00 1.20 1.40 1.60 fnalysis 1s Balanced as to Carbon, Silicon, Nickel and Chromium 
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. alloved with nickel to changes in section, or to variations in = 
Hlurst notes the same thing in a diagram in The Age, | Hardness of 
Oct. 26. 1933, showing a hardness survey from surtace to core ~~ Chilled face 
of t-in. round bars with increasing nickel content. These { | | 

were quenched in oil from 16007 the bars containing 1' 

nickel or less had a gradual decrease in hardness of 140 to 200 © 500 
numbers, edge to center; the bars containing 2 to lM. nickel Ss 

dropped 110 numbers in the outer shell, and the 2-in. central 

core Was practically uniform. 
effect is obviously a manifestation of the abilitw: of 500 
nickel, either alone or with certain other alloys, to retard the = 
transformation rates of gamma to alpha iron. Thus, it has : 
been established that the critical cooling rate for maximum 
hardness of plain O.80°, carbon tool steel is approximately 400 _. 
S000 FL per see. The rate for a 3° nickel steel practically 

free from. silicon is approximately per sec. and if 

- other allovs such as molybdenum or chromium are included, = 

this rate may be reduced to as low as 6 to 10) F. per sec. It 

is obvious then that slowly cooling, heavy sections require —s" 
substantial amounts of nickel along with other allovs and > Soe 
a low silicon content to harden them efliciently during the 
normal course of cooling in the mold. 2 "; 
One of the best examples of the application of this prin- g 0 f 
hoa ciple is found in the production of file-finished dies. %N 10 
In this case the foundryvman, aware that the product ’ . 
ef Will be relatively hard and difficult to machine, pre- While Nickel Alone Suppresses Chill White Frac- 
i ae pares a mold in which the part corresponding to the ture at Surface), Combination With 14 to's as 
% working face of the die is rubbed down and repeatedly Much Chromium, Gives a Harder, Deeper Chill 
black-washed to a smooth, slick surface. The mold 
is then poured to vield a minimum amount of distor- 

F tion or warpage. The casting is shaken out and the additions are cams, crankshafts, gears, 

na working face rubbed down with emery cloth, filed, and metal and clay working dies, pump and 
Wy the fins trimmed, and thus made ready for work with valve parts subjected to abrasion, mine and 
ae litthe or no machining. quarry castings such as chutes, chute boxes, 
Other castings hardened by the use of large alloy classifier blades and cement mill castings 


Chill Casting 


Nickel Reduces Chill Tendenev in 2v4-In. Blocks of Car-Wheel 


wie : Steel men are expert at surface hard 
Iype fron. Deep chill at top of plain iron is not machinable. 


ening by pack-hardening or carburizing to 


but 3°) nickel tron. without chill vet equally hard. ts machinabl 


produce a high carbon case which attains 
a high hardness of approximately 600 
Brinell when heat treated. The foundry 
man has a short cut for all this! He molds 
the required shape in sand, then inserts « 
metal block or chill on such surfaces as r 
quire extreme hardness, then pours an ap 
propriate composition of cast iron into the 
cavity. All surfaces in contact with the 
chill emerge from the mold unmachinabl 
‘ and very hard (about 150 Brinell). 


Railroad car wheels have been mad 


No Nickel 1° Nickel 20% Nickel 313% Nicke this way for generations. Years ago, in al 


effort to avoid the use of expensive chat 
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2 Jests of Chilled Plain and Ni-hard /rons 


Plain [ron Ni-herd 
f / 
high LOW Low 
la) on a 
Carbon | Carbon | Carbon | Carbon 
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_ 7159 1 
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gin Sto c fo <2) fo 
DSi 25,000 359,000 4, 


+ Ce/cu/eted from transverse tests 


* 4.S.7M. tensile test pieces ground from chilled blocks 


oal iron, roll makers turned to alloys, and ended 

by producing tougher, stronger and harder 
chilled iron than had ever been made before. 
In the small castings field, auto specialty shops 
commenced to alloy the chilled iron to toughen 
and harden it for such parts as valve lifters or 
lappets. History in these fields 
seems to repeat itself, 

The ability for nickel addi- 
tions in the range of 2 to 10", 
to harden a gray iron progres- 
sively had been established for 
some time, as well as the fact 
that it eliminates chill. The 
significant fact that the chilled 
portion hardened rapidly, even 
though the thickness of chill 
(as determined by silvery 
laver in the fracture) was less 
and less with increasing nickel 
contents, remained worthy of 
attention, Ultimately a nickel- 
chromium composition now 
known under the trade 
“Ni-hard” came into being. It 
Was first described by the pres- 
ent writer before the American 
Institute of Mining and Metal- 
1055. 
from work done in collabora 


Wood and I, S. 


hasch of the Research 


lurgical Engineers in 


tion with T. Highl 


Laboratory of International 
Nickel Co. 
lains approximately Ni 


ind 


It venerally con- 


Cr, balanced to main- 
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{loved Tron Liner for Gas 
Engine Cylinder. Broken to Shou 
Chili at Top Where Piston Rings 
Rub Back and Forth. 


the chilled section is 850° Vickers Phe 


tain chill depth and develop a stronger, tougher, 
harder, finer grained iron which was much more 
resistant to wear, heat and corrosion than. its 
chilled iron companions of equivalent base com 
position. The diagram and table at top of these 
facing pages compare it with its plain cast iron 
companions. In cases where only the skin is to 
be chilled and hardened the grav backing can be 
made machinable by limiting the allow content 
along the lines indicated in former diagrams 
Conveying machinery, pulleys, sprockets and 
Wheels requiring that hubs or projecting Manges 
he machinable, must be alloved with less than 
one-half the Ni-hard nickel-chromium content 
recommended above. diagram at bottom 
page Io gives the expected degree of hardening 
in the grav and unchilled zones of such castings, 
The fully alloved composition of Ni-hard is 
usually non-machinable not only over its chilled 
surfaces but also throughout its gray portions be 
hind the chills. 
erinding. Some exceptions to this occur in high 


carbon, low silicon, low chromium variants which 


Surfaces must be dressed by 


become suflicienthy softened their gray por- 
tions to permit) slow effective machining, 

fhe preceding diagrams, as 
well as the table on page SO, il- 
lustrate that low 
in silicon and chromium and 
high in carbon and nickel can 
iy depended upon to be ma 
chinable in grav zones vel vers 
hard in chilled zones Cup to 600 
Brinell). Material of this type 
is being developed for various 
kinds of roll service where the 
machinability of roll necks is 
an mnportant factor, 

The opportunity to pro 
duce chilled cam lips up to 700 
Brinell with machinable bear 
ings (Brinell less) than 350) 
awaits the attention and = re 
quirements of the automotive 
industry. Compositions con 
taining 3.00 to 3.75 total car 
bon, O70 to 120 Si, Soo to 
Ni, to Cr with 
to cast close to 
finished dimensions, offer at 
parts 


tractive possibilities for 


requiring both hardness and 
Hlardness at toughness, 
evlinder lines 
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Letters to the Editor 


Grain Size Vs. Draw Temperature 


PortsMoutH, Va. Metallurgical literature 
e has recently been full of statements about 
the effect of grain size on the properties of heat 
treated parts, but most of these statements are of 
a qualitative nature. On the opposite page is a 
data sheet showing in a quantitative way how to 
adjust the drawing temperature of heat treated 
forgings of plain carbon steel (S.A.E. 1050) for 
a specified hardness. Similar charts may be ad- 
vantageously prepared for other analyses and 
other heat treatment programs. 

sefore the construction of this chart each 
batch or furnace load had to be wholly or frac- 
tionally drawn and redrawn until the desired 
Brinell values were obtained. A draw that was 
100°. successful for one batch was 100°, wrong 
for the next one. The problem was a serious one, 
economically and metallurgically. A careful in- 
vestigation showed that, in each instance, the 
furnace conditions and operations were unvaried, 
the pyrometers correct, the heaters abundantly 
expericneed, the Brinell machine in good adjust- 
ment, and the testing procedure uniform. 

It seemed like splitting hairs to attribute the 
varied response of this steel to the slight varia- 
tions in carbon and manganese generally permis- 
sible in the S.ALE. 1050 composition. And vet, 
after these three variables — carbon, manganese, 
and the drawing temperature —— had been studied 
in relation to one another, a definite correlation 
was found to exist between the amount of these 
elements present and the drawing temperature. 
Thenceforward the drawing temperature was 
predicted accurately seven out of every ten times. 

It was believed that this percentage could be 
bettered if the number of forgings comprising a 
furnace load were constant. Such was not the 
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case. What this practice did do, 
however, was to narrow down 
the spread or dispersion of re- 
sults, making them more nearly 
the same hardness. 


At this stage it was decided 
FIGHT | 


TUBERCULOSIS 


to determine the effects of in- 
herent or McQuaid-Ehn_ grain 
size on the Brinell hardness of 
this steel with respect to the drawing temperature 
after an oil quench at 1500) F. It is practical 
knowledge that a coarse grained steel, because 
of its slow reaction characteristics, is essentially 
deep hardening, while fine grained steel, because 
of its high reaction speed, is shallow hardening. 
The fine grained steels are defined as those whose 
vrains lie in the range of size from No. 5 to & 
(A.S.T.M. chart), and the coarse grained steels 
ranged in size from No. 1 to 4. 

The results of this study enabled the almost 
completely accurate forecasting of drawing tem- 
peratures. If it were not for ingot segregation 
and for the occasional variation in MceQuaid-Ehn 
grain size from ingot to ingot of the same heat of 
steel, it is believed that a 100°, correct forecast 
could be obtained, 

The effect of each of the five variables 
carbon, manganese, McQuaid-Ehn grain size, 
holding time, and temperature — upon the Bri- 
nell hardness of S.A.E. 1050 steels is graphically 
shown on the chart on page 19. This graph is 
the essence of voluminous data gathered over 
an extended time and from the testing of some 
90,000 forged evlinder barrels made from some 
D0 different heats of steel. In this work it was 
found that an error in drawing temperature as 
small as 10 to 15° F. up or down is suflicient to 
throw the Brinell heavily over to the soft or hard 


side respectively. 
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Similar charts for the same steel but for 
»wwer Brinell hardnesses show that higher draw- 
ng temperatures blunt, and if high enough, 
nerge almost indistinguishably the effects of 
ach of the five variables. The temperature lee- 
way for consistent hardness then widens to 20 to 

30° F. and perhaps even more. 
JosepH A, DuMaA 


Thickness of Galvanized Coating 


MippLetown, Onto— Those who preserve 
a their copies of Mera ProGress or file the 
useful data sheets, should correct an error in the 
September issue, page 49. Due to carelessness 
in our laboratory the photographs sent the Editor 
were marked 100 \, whereas the magnification is 
really 1000 . This correction should be made 
in order that no one may have a mistaken idea 
of the thickness of galvanized coating on ingot 
iron sheets. 

H. P. MuNGeER 


Steels for Ball Bearings 


Grosny, U.S.S.R.— From other countries 
& we frequently hear doubts expressed as to 
our ability to industrialize our nation— essen- 
tially an agricultural and stock raising one. Clear 
evidence on this point may be drawn from our 
success in the mass production of ball bearings 

they being machine parts certainly requiring 
modern machinery and skilled workmen for their 
successful manufacture. 

The government factory in Moscow was com- 
pleted three vears ago. Its 1935 production, to- 
gether with the small plant which formerly be- 
longed to S. K. F., the well-known international 
organization, amounts to 20,000,000 ball bearings 
in 126 types. Since the estimated annual con- 
sumption in 1937 will be 45,000,000 bearings, 
work is already under way to double the sched- 
uled capacity in Moscow and to construct a sec- 
ond large plant in the town of Saratov. Most of 
the 4000 machine tools required will be made 
in our own machine shops. The staff at the en- 
larged Moscow works will number about 35,000 
persons, and 350 types and sizes of ball bearings 
and roller bearings will be produced. 

The requisite steel has also been definitely 
planned. Much discussion among our metal- 
lurgists brought out the advantages and disad- 


vantages of two main types: The chromium 


steels containing 1.0‘. carbon and the case hard- 
ening nickel-molybdenum steel used principally 
in America. It was concluded to base our stand- 
ards on the high carbon, chromium steels used by 
the Swedish S.hk. F. This tirm relies principally 
on three grades of chromium steel for ball and 
roller bearings. Alloy content varies with the 
size of the part, but chromium is depended on 
for the hardening clement rather than manganese 
or carbon, which are kept relatively constant. 
The grades are as follows: 

Grade SKF-9. Chromium 0.40 to 0.60°., for 
balls smaller than 0.350 in. diameter. 

Grade Chromium 0.85 to 1.10°., for 
balls between 0.350 and 0.700 in, (Chromium on 
the low side for the smaller balls.) 

Grade Chromium 1.40 to 1.65°., for 
rings and balls larger than 0.700 in. diameter. 

Some Italian firms recommended the use of 
live different grades of steel, differing only in 
chromium content from 0.50 to Lad) Cr. 

The Soviet standard now calls for four high 
grade allovs to be made either in electric fur- 
naces or acid open-hearth (or in certain basic 
open-hearths where melting practice is under 
close control). The designation shows the median 
chromium content: 

Cr-6 has O45 to 0.75% chromium and is for 
cold forged balls less than 0.300 in. 

Cr-9 has 0.75 to 1.05°. chromium and is for 
cold forged balls from 0.300 to 0.550 in. diam- 
eter, and hot forged balls up to 0.800 in, diameter. 

Cr-12 has 1.05 to 140°. chromium and is for 
balls made from bars larger than “, in. 

Cr-15 has 1.30 to 1.65°. chromium and is for 
rings, cups and cones, and solid rollers. 

In all the above carbon is 0.95 to 1.10°., man- 
ganese is 0.20 to 040°, silicon is 0.15 to 0.35%, 
sulphur less than 0.020°7, phosphorus less than 
0.027". and nickel less than 0.20°,. 

rhere is also an intermediate grade of steel, 
Cr-10, for hollow rollers of the Hyatt type. This 
may be made in basic open-hearth furnaces. It 
is of lower carbon, and its analysis is as follows: 
C, 0.30 to 042%; Cr, O80 to 1.205: Mn, 040 to 
0.70%: S. less than 0.0380°,: other elements as 
listed above. 

Ball and roller bearing steel is now being 
manufactured at three of our steel plants: Elec- 
tro-Steel in the Moscow district, Zlatoust works 
in the Ural district, and Zaporog works in the 
Ukraine. Total production was 6500 short tons 
in 1932 (the first year), 17,000 short tons in 1933, 
and 35,000 in 1934. 

Lb. M. 
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Polishing of Cast lron 


Mounr, metallographers 
have recently published methods for the 
polishing of cast iron, with special reference to 
the retention of the graphite. Any one who is 
confronted with the problem would be only too 
happy to follow the longest procedures if re- 
warded for his labors, but numberless trials con- 
vineed the undersigned that trouble was en- 
countered in removing scratches from a fine pol- 
ishing paper by work on a rotating disk. 

Various mediums were tried with the hope 
that the number of intermediate steps and the 
time required for final polishing could be = re- 
duced. At this time we turned to the paratlin 
disk devised by Guthrie and described in Trans- 
actions in March, 1925. 

Guthrie, however, was interested in reducing 
the amount of amorphous or ferritic film so that 
a uniformly etched surface could be obtained, he 
having found that a hard structureless base was 
necessary to reduce or climinate entirely” this 
film. With this paraflin disk and a suitable abra- 
sive Guthrie has done very fine work on steels. 

These considerations indicated that cast iron 
could be polished in this way so as to disturb 
aminimum of metal and avoid the production of 
metallic films which conceal the true structure. 


Considerable experimentation led to the follow 
ing modification of the usual polishing method 
for preparing cast iron specimens. By using only 
four steps in the operation, excellent results hay, 
been obtained: 

l. Grinding on alundum wheel (120 mesh 
to remove saw marks and secure a flat surfac 
Wheel speed approximately 1250 r.p.m. 

2. Grinding on wheel covered with No. | 
emery paper. Wheel speed about 1250 r.p.m. 

3. Polishing on disk covered with paratlin, 
using levigated alumina suspended in liquid soap 
(glycerin base) solution. Speed about 650 r.p.m 

1. Polishing on disk covered with silk satin, 
using magnesium oxide paste worked well into 
the fabric and just enough water to prevent 
dragging of the sample. Speed about 350 r.p.m. 

A word should be said about the final pol- 
ishing. It may be omitted if visual examination 
under the microscope without photography is all 
that is required. Otherwise use the dull side of 
the cloth; this avoids roughening. 

Accompanying micros are representative of 
the work. In cast iron we are dealing with 
graphite, a soft and friable constituent, embedded 
in ductile ferrite, relatively hard pearlite, and a 
phosphide eutectic which polishes about the same 
a difficult combination. 

Lovuts 


as pearlite 


Valleable Tron, At Left, Polished by Special Technique, and Etched With 1° 


Picral. 200 \. Commercial cast iron, shown at right, has a complex structure 


containing softest graphite and relatively very hard pearlite and phosphide eutectic 
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Time and Temperature 
for Maximum Age Hardening 


TEDDINGTON, ENGLAND — In his recent series 
in Merat Progress, Dr. Merica 
has made clear the great interest which is being 
shown in age hardening alloys and the fact that 
now the age hardening alloy appears to be the 
rule, not the exception. Whereas 20 years ago 
the phenomenon was considered in relation to a 
single alloy of aluminum which was hardened 
on exposure at room temperature, there are now 
hundreds of known age hardening alloys, which 
are hardened at a variety of temperatures. Ex- 
cept in the light alloy field, where age hardening 
provides the only means of fulfilling the require- 
ments of aircraft specifications, it cannot be said 
that the alloys at present available are sufticiently 
outstanding to warrant more than specialized 
and consequently restricted application. One bar 
to the confident use of age hardened alloys in 
some applications is that there is no positive evi- 
dence that the state of maximum hardness is the 
most satisfactory in regard to resistance to fa- 
tigue, creep and service stresses. 

As regards theory, it is certain that age hard- 
ening is a result of the tendency of bodies con- 
sisting largely of supersaturated or otherwise 
unstable solid solutions to proceed towards ther- 
modynamic equilibrium. In cases where the 
solid solubility relationships are such that super- 
saturation is brought about by rapid cooling, the 
subsequent hardening is often described as “pre- 
cipitation hardening” although there is usually 
no microscopic or X-ray evidence of a precipi- 
tate in the hardened alloy. Unquestionable evi- 
dence of precipitation can be obtained when such 
an alloy is softened by prolonged aging at a 
sufliciently elevated temperature. According to 
some writers a critical aging temperature sepa- 
rates temperatures at which no precipitate forms 
and hardening is permanent, from the higher 
temperatures at which precipitation will occur, 
and hardening is followed by softening. An al- 
ternative view is that aging is merely hastened by 
increase in temperature, and consequently pro- 
ceeds to a later stage within the reasonable dura- 
tion of experiment. It has therefore appeared 
desirable to analyze the effect of temperature on 
ave hardening. 

The data in the literature and those obtained 
from the recent study at the National Physical 
Laboratory (see Jenkins and Bucknall, Journal, 
Institute of Metals, Autumn 1935) of a nickel- 


silicon-copper alloy that was capable of age 


December. 


hardening within a wide tem- BU Y 
perature range, indicate that CuRISTMAS 
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curves plotting hardness against 
the logarithm of the duration 
of aging are generally of a com- 
mon type, namely a steady rise 
to a flat maximum followed by 
a steady fall; the maxima of 


such curves are progressively 
displaced towards shorter times FIGHT 


as aging temperature is raised. 


At high temperatures the curves 

experimentally obtained show a steady fall from 
a high hardness and at low aging temperatures a 
steady rise. This study showed that where a 
peak hardness value was attained the trend of 
the attainable hardness was upward as tempera- 
ture decreased; for a given period of aging the 
optimum temperature is that at which full hard 
ening is just reached within the period. 

The matter was further examined by plotting 
the available data on charts whose ordinates were 
a logarithmic time scale and a temperature seale, 
the divisions of which were proportional to re- 
ciprocals of degrees, absolute. Specific heat 
treatments being represented at points on the 
chart, it was found that a straight line could be 
drawn which represented the division between 
specimens which were hardening from those 
Which had hardened and were subsequently soft- 
ening. Suflicient examples of this relationship 
between time and temperature of attainment ot 
maximum hardness have been found to make 
probable its general validity; such examples are 
afforded by aluminum alloys of the duralumin, 
lautal and straight copper types, by beryllium 
copper and. nickel-silicon-copper alloys and = by 
the s-brasses. In the last named case the pub 
lished information also indicates that the elec 
trical resistivity, which passes through a manxi- 
mum during aging, reaches peak values at times 
similarly related to temperature but which are 
consistently a litthe shorter than those for the 
hardness maxima, 

The equation of the straight line, / (lev. 
where 7 is the temperature and ¢ the time, is 
similar to that established by Dushman = and 
Langmuir, Dunn and others for diffusion in the 
solid state. This is highly significant since, as 
Merica has pointed out, the early stages of aging, 
venerally described as “cluster formation” clearly 
involve diffusion of the stranger atoms from thei 
original lattice positions. Since any later stage, 

(This letter continues on page 78 


Vore correspondence on next pagqe 
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kuropean Specifications 


for Heavy Welding 


Trany The interesting editorial 

- “Heavy Welding Abroad,” which appeared 
in the June issue of Merat ProGress, suggests a 
few remarks concerning the recent evolution of 
European specifications for welded structures of 
considerable magnitude. 
Its statement that 


‘continental operations 
seem to be influenced more pronouncedly by Ger- 
man practice and opinions” is quite true, and this 
explains many features of various European 
specifications for welded structures. Very often 
these have followed the evolution of the official 
German specifications. 

In Germany as in other countries every 
project involving large construction must be sub- 
mitted for preliminary official examination to an 
appropriate technical bureau. The first official 
German instructions for welded structures was 
published in July, 1930. At that time, no prac- 
tical information was available concerning the 
behavior of welded steel structures; as a conse- 
quence those first specifications based mainly on 
analytical calculations had to be very conserva- 
tive. On the basis of subsequent study of actual 
structures those specifications appeared to be too 
restrictive, and were revised. In fact three re- 
visions of the specification have already ap- 
peared, one in May, 1931 (DIN 4100) the second 
in July, 1933, and the third in July, 1934. 

It would take too long to detail the modifica- 
tions introduced in the specifications by these 
successive revisions. To confirm what has been 
said above, it will be suflicient to quote three fig- 
ures: For butt welds carrying bending stresses, 
in the 1931 specifications the load allowed in the 
structure was 0.60 of the permissible stress in the 
structural steel. This coeflicient was raised to 
0.75 in 1933, and to 0.80 in 1934. This last edition 
of the specification authorizes an even higher 
coetlicient when practical tests show that it is 
admissible. 

Austrian specifications have followed the 
German, and the 1934 Austrian edition is very 
similar to the 19383 German edition. 

Belgian and English specifications are simi- 
lar to each other. Unlike the German specifica- 
tions, they do not include methods for the an- 
alvtical calculation of stresses. The first official 
English specifications published in March, 1984, 
permit butt welds in tension, and a coeflicient of 
0.85 for the ratio of the load on the weld to the 


permissible stress in the steel. 


Phe evolution of the Italian specifications has 
followed a line similar to the Belgian, in that i! 
is based more on the results of practical experi 
ence than on preliminary analytical calculations 
However it is interesting to note that notwith 
standing the different lines followed in the ad 
velopment of the various European specifications 
the final conclusions do not show noticeable dif 
ferences. 

Specifications for the electrodes vary widely 
in the different European countries, despite th: 
fact that, with very few exceptions, nothing but 
coated electrodes are used. 

German specifications for electrodes include 
tensile, impact and bending tests. The Belgian 
and English specifications include a tensile test 
on test bars made entirely of deposited metal. 
The minimum tensile strength fixed by the latter 
specification is 63,000 psi. and the minimum 
elongation 20°. on a length 3.54 times the diam- 
eter of the test bar. 

The qualification tests for welders vary even 
more widely in the different countries. 

Feperico 


Huey Test for Corrosion Resistance 


Barberton, corrosion test for 
a “stainless” metals proposed by W. R. Huey 
has been widely used in various laboratories, 
and is now finding its way into purchase specili- 
cations. Since some of these set an acceptance 
limit close to the ultimate corrosion resistance 
under the best conditions of heat treatment, it is 
desirable to determine the reproducibility of this 
test, so that different appraisals of the same steel 
may be avoided. 

The test is conducted by immersion of prop- 
erly prepared samples in 65 to 67° nitric acid 
contained in flasks equipped with reflux con- 
densers, maintained at boiling temperature for 48 
hr. after which the samples are withdrawn, 
washed, dried, and weighed. Usually at least 
three such periods are required by the purchase 
specifications to establish the corrodibility of a 
resistant material. 

Some work in the research department, Bab- 
cock & Wilcox Co., utilized 2x°;x '.-in. samples of 
an austenitic stainless steel plate known to have 
good resistance to nitric acid. Analysis was 20°. 
chromium, 10° nickel and 0.06°, carbon. Data 
were given in full to the last meeting of the 
American Society of Naval Engineers. First it 
was found that if less than 700 ¢.c. of acid was 


used for an exposed area of 10 sq.in., the total 
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venetration increased. This same effect was ob- 
served when acid was used longer than 48 hr., 
hus proving that the amount of acid in relation 
to the surface area is important, as well as the 
accumulation of corrosion products in the cor- 
roding solution. Initial concentration of acid 
should also be 67‘. or higher, as weaker concen- 
trations gave low values. 

Likewise considerable variation in test re- 
sults on a particular sample may occur due to 
the use of acids from different manufacturers, 
and slight variations are due to the use of differ- 
ent lots from the same manufacturer. The pres- 
ence of traces of certain impurities such as hydro- 
chloric and sulphuric acids or salts of iron, 
nickel, chromium, and other metals may cause 
variations out of all proportion to the amount 
present. 

It thus appears that whenever a rigid speci- 
fication for weight loss must be met it is impor- 
tant to use the purest acid obtainable, and to 
provide at least 70 ¢.c. of concentrated acid for 
each square inch of surface exposed. 

L. 


Faraday, the Metallurgist 


Cuicaco, Inn. 1 have long been an ad- 
mirer of Michael Faraday, and conse- 


quently have noted with satisfaction the tribute 
paid to him in the October issue in the short 
article that refers to Faraday as the maker of the 
first alloy steel. 

It happened that | was in correspondence 
with Sir Robert Hadfield a few vears ago when 
preparations were being made in London for 
holding the Faraday Centenary Celebration. Sit 
Robert’s keen interest in Faraday’s metallurgical 
researches prompted him to engage F. J. Halnon. 
a well known British sculptor, to make the design 
for a commemorative plaque, and a pattern was 
made from this design for the production of some 
castings in the steel foundry operated by Had- 
field’s Ltd. in Sheftield. 

I was fortunate enough to be presented with 
one of these cast plaques. It is about 8x15 in. in 
size, and shows in relief the figure of Faraday 
in his primitive laboratory. On the right is the 
box, labelled by him, in which 79 specimens ot 
steel were discovered, and on the left is the “blast 
furnace” in which he made the alloys. The metal 
in the cast plaque contains approximately 22°. 
chromium, 7‘; nickel, and 4. tungsten and the 
casting is a very fitting tribute to Faraday, who 
probably was the first experimental producer of 


5 


Plaque Cast in High Chromium- Nickel-Tungsten Steel. 
Commemorative of Faraday s Researches in Alloy Steels 


alloy steels, and who undoubtedly was the origi- 
nator of the electrical equipment which consti- 
tutes the fundamental feature of the latest (elec 
tric) furnaces used for making steel. And the 
casting also is an example of the fine work done 
in the Hadfield foundry. This may be evident 
from the attached photograph of the plaque in 


Possession. 


A. Bou 

Nor Ihe results of extensive 
studies on these first alloy steels are contained in 
Sir Robert Hadfield’s most interesting book, 
“Faraday and His Metallurgical Researches,” 
published by Chapman & Hall, London, W.C.2, 
England. Proceeds from the sale of this book go 
to maintain research at the Roval Institution, 
Where Faraday lived and worked for so many 


vears, 
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An extended abstract of one of the important papers presented 


before the International Acetylene Association convention in 


Cleveland in 


November. Columbium is a semi-rare metal. 


but adequate supplies of American ore are being developed 


Columbium in Welding Rods 


for Stainless Steels 


SEVERAL PROBLEMS had to be solved before 
high chromium and stainless steels could 
be welded satisfactorily. Not only is the element 
chromium easily oxidized when molten, but the 
oxide is very infusible and it will act as an insulat- 
ing blanket between the oxy-acetvlene flame and 
the work. A flux with a high solvent power is 
essential; careful flame control, minimum pud- 
dling, and no excess heating will keep the amount 
of chromium oxide low. 

An oxidizing flame would remove chromium 
from the metal as chromium oxide and produce 
unsound, brittle welds. Excess acetylene — a re- 
ducing fame — would form chromium carbides, 
which also would remove valuable chromium 
from the metal. The most satisfactory flame is 
therefore a strictly neutral one. 

Furthermore, many points have to be borne 
in mind relating to the metallurgy of the high 
alloy steels themselves. These can be discussed 


in two headings. 


Steels Containing 4 to 7% Chromium 


Welding These steels are air hardening; 
therefore the weld metal and particularly the 
zone adjacent would be hard and brittle unless 
the welding had been done on preheated parts 
and the joint subsequently annealed. Since air 


By W. J. Priestley 
Vice-President, Electro 
Metallurgical Co., New York 


hardening is due to chromium carbide, a search 
was made for other elements with a more marked 
affinity for carbon and which would lock up that 
troublesome element in a harmless form. For 
this the two semi-rare elements columbium and 
titanium are particularly effective. 

Becket and Franks have already presented a 
paper before the American Institute of Mining 
and Metallurgical Engineers showing that chro- 
mium steels with titanium and columbium addi- 
tions are soft and ductile even in the as-rolled 
condition. Welding properties, naturally, are 
also improved. We have found that most satis- 
factory work is done with a welding rod contain- 
ing 6 to 8. chromium, carbon under 0.10°° and 
columbium six to eight times the carbon. 

The presence of either columbium or 
titanium also reduces the annealing time to min- 
utes instead of the hours often required for steels 
not bearing these elements, and marked improve- 
ment in ductility results from a simple blowpipe 
anneal to a red temperature (1475 to 1650° F.) 
for one or two minutes. The softening range 
varies from 1300 to 1650° F. 

Some typical results are as follows: Oxy- 
acetvlene welds were made in 14-in. annealed 
plate of the following analysis: 5.50% Cr, 
0.07% C, 0.56% Mo, 0.37°° Ti. As welded the 
joints had 30,000 to 40,000 psi. vield strength, 
55,000 to 65,000 psi. breaking strength, 4 to 8% 
elongation in 2 in., and 45° to 90° free bend. After 
a blowpipe aneal, companion welds had the same 
strength but elongation had increased to 8 to 
12°) and the angle of free bend was 120° to 180° 
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- which is an extremely satisfactory figure. 
Cutting — Foundrymen, making 


this chromium steel, are sometimes 


castings of 
confronted 
with a problem if they remove gates and risers 
from the casting by oxy-acetvlene cutting. To 
prevent air hardening and subsequent cracking, 
the usual procedure is to preheat the entire cast- 
ing to about 900° F., at which temperature the 
steel is quite ductile. If the preheat is too high 
the entire casting may harden during subsequent 
cooling in air. In other instances, the risers are 
cut from dead annealed castings; this may de- 
velop hard spots, and the casting must be re- 
annealed. 

Columbium or titanium in the analysis over- 
comes most of these difficulties. Titanium, how- 
ever, may introduce certain casting difticulties 
which it is believed can be eliminated by the use 
of columbium. 

Cutting the higher chromium and chromium- 
nickel steels may be done by the flux method, 
which consists in clamping soft steel plates on 
either side of the work to provide enough iron 
flux the 
This may 


oxide and molten iron to away more 
infusible chromium and nickel oxides. 
be accomplished also by holding an iron rod in 
the cut. 

Naturally these methods take more heat than 
is used in cutting ordinary steel and the heating 
effect on the stainless steel is apt to render it sus- 
ceptible to intergranular corrosion, as noted be- 
the steel contains a stabilizing 


low, unless 


element. 


Austenitic Steels 


The welding problem encountered in the 
low carbon, chromium-nickel 
of which the 18° chromium, 8‘¢ nickel is typical, 
is likewise due to carbon but to a quite different 


austenitic steels, 


metallurgical effect. In these steels corrosion 
resistance is impaired by the formation of car- 
bides along the micro-grain boundaries, and 
penetration occurs along these intergranular sur- 
faces. The chromium-nickel steels, as purchased, 
have been processed by the maker to a homo- 
geneous, corrosion resistant, solid solution micro- 
structure. However, when they are reheated to 
a temperature within the approximate range of 
900 to 1400° a constituent (usually 


thought of as chromium carbide) forms along 


new 


grain boundaries, robbing the adjacent metal of 
chromium and thus lowering its corrosion re- 
sistance. 


During welding, the weld metal is heated 


December. 


Gleaming Flagpole of Stainless Steel, Welded. 
New York. 


Cities Service Building. 
Finial in the Modern 


Rising 
{rchitectural Stvle. Photoby Wourts Bros. 


Surmounts 


a Grand 
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above this critical temperature range and then 
fairly rapidly cooled through it, and there is in- 
suflicient time for precipitation of much if any 
of the new constituent in the weld metal. How- 
ever, the base metal in a zone close to and paral- 
lel to the the 500 
to 1400° range for a suflicient length of time and 


cools at a rate slow enough so that carbides pre- 


weld remains heated within 


cipitate. 
The weld metal itself, while relatively free 
from corrosion susceptibility from the above 


cause, often decreases in corrosion resistance duce 
to carbon pick-up from the welding flame. 
Presumably anything that would lock up the 
carbon in these steels would improve their prop 
erties, and today a considerable tonnage of stain- 
less steel designed for severe operating conditions 
either They 
serve as a stabilizer for the carbon and prevent 


contains columbium or titanium. 
the damaging structural changes between 500 and 
100° The harmful effect of welding heat on 
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Oxy-Acetylene Welds in 18-8 Plate, As Welded 


and 0.07°, carbon with or with 
out addition elements — as 


Addition Elements| Tensile Properties of Joint 


Free Bend shown. The welding rod was 


Jest of the same type analysis, and 
in the second and third in 


In Plat In Ultimate | Elongetron 
Welding Rod| Strength Strength in 2In 
none none 59,200 76,500 psi. 22 % 
0.98%CbL| 0.8/% Cb | 57,200 75,400 20 
0.47% 0.81%Cb | 41,000 75,500 


180°Nno cracks stance had about O.80°) colum- 
18O°no crecks bium. (The amount of colum- 


180°no cracks bium necessary varies from 


the zones adjacent to the joint is therefore elim- 
inated, and heat treatment after welding is un- 
necessary to secure full corrosion resistance. 
Since little columbium is lost during the 
operation, it is more satisfactory to use a welding 
rod containing columbium than one with 
titanium, regardless of what stabilizing element 
is used in the base metal. Columbium does not 
complicate welding with the oxv-acetvlene flame. 
The free-flowing characteristic of the columbium 
treated 18-8 rods makes them ideally suited for 
this practice. Columbium is further beneficial 
since it counteracts the 0.02 to 0.04% carbon 
which is picked up. The accompanying table 
gives the tensile and bend tests on welds in 44-in. 
plates, tested as welded. The base metal con- 
tained approximately 18°) chromium, 9 nickel 


6 to 10 times the carbon con- 
tent of the steel, depending 
upon the use for which it is intended.) It will be 
seen that the addition elements necessary for 
stabilization in the 500 to 14007 F. temperature 
range do not harm the tensile properties, 
Columbium in the welding rod necessitates 
no changes in welding procedure. The principle 
of a neutral flame and suflicient flux should be 
strictly followed. With columbium treated plate 
and rod, backhand welding can be utilized to 
avoid distortion; with this technique, the weld 
metal and adjacent zones are held at a dull red 
temperature longer than by the usual forehand 
method. This longer time at temperature need 
not be feared when columbium bearing plates 
and rods are used, since the welding zone is 
amply protected against the precipitation of dan- 


verous carbides. 


Endurance of Spring Wire With Ground Surface 


By E. T. Gill and R. Goodacre 


Condensed from Journal of the Lron & Steel Institute 


STUDIES On spring wires have been consid- 
a erably facilitated by the perfection of the 
Haigh-Robertson fatigue testing machine. The 
wire sample requires no expensive preparation; 
one end fits a sleeve in a thrust bearing, the other 
a chuck fitted to an electric motor spindle. The 
length of the wire is bowed out by end-thrust 
into the form of a curve, and is simultaneously 
caused to rotate at high speed by the electric 
motor. Eventually, after a number of revolu- 
tions dependent upon the stress (that is, the 
amount of bow), the wire breaks at or very near 
the center of its length, which is the position of 
maximum stress. 

Another important feature of the machine is 
the rapidity with which the tests can be carried 
out. At a motor speed of 18,000 r.p.m., it is quite 
possible to obtain data for a full S-N curve in 24 


hr.; this includes an overnight run of some 15 to 
20 million stress reversals. 

Some data on and O.86°° carbon steel 
wire will be given, these being analyses com- 
monly used for valve springs for airplane en- 
gines. When made up into a spring, the wire is 
subjected to torsional stresses, and it has been 
assumed up till recently that the ratio of torsional 
to tensional fatigue (based on the consideration 
of the relationship of shear stress to tensile 
stress) does not hold in the case of wire. How- 
ever, a study of the results in this research makes 
it seem very probable that the fatigue limit in 
bending will give a good indication of the tor- 
sional fatigue properties of polished spring wire 
as determined in careful researches by others. 

Wire rod used in this study was patented 
from 1850) F. in lead at 900° F., then 0.020 in. 
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This Very Striking View of a Wire-Drawing 

Block Was Taken by Margaret Bourke-W hite 

for Russell, Burdsall & Ward Bolt & Nut Co. 


ground from the surface to remove decarburiza- 
tion. Ground rods were selected of such size that 
When drafted given amounts the wires would all 
be O.O80 in. diameter. 


patented wires with thin (about 0.002 in.) de- 


Limiting fatigue stress of 
carburized skin, cold drawn 75‘. (which gives 
optimum all round properties) is very close to 

91,500 psi. irrespective of carbon content in 
the wire, and consequently the fatigue properties 
in reverse bending appear to be mainly those of 
the ferrite skin. When the skin breaks down due 
to fatigue, the remainder of the wire also fails, 
probably owing to the concentration of stresses 
set up at the original crack. In 0.7%. carbon 
wires without soft skin, drawn 75‘, reduction, 
the limiting fatigue stress is + 78,000 psi. This 
83.000 psi. if the drawn 


figure is increased to 
wire is machine polished and almost 
psi. if further polished (buffed) with Q0O emery. 

When an optimum point of reduction by cold 
working of wire is passed the torsional values 


and contraction of area begin to decrease very 


rapidly and the tensile strength increases unduly. 
This amount of cold reduction required to pro- 
duce “overdrawing” is higher in the lower carbon 
wires (with the usual decarburized skin), than 
with high carbon spring wires. A like anomaly 
eXists in curve of fatigue properties versus draft 
when a wire is overdrawn. 

In the case of wires drawn free from decar- 
burization, it was found that although the curves 
of tensile strength versus amount of reduction 
were similar to those of the corresponding de- 
carburized wire, the limiting fatigue strength 
increased steadily (and in some cases after 75% 
reduction, more abruptly) in a similar manner 
to the tensile strength curves. In other words a 
high carbon wire, free of decarburization, is rel- 
atively insensitive to overdrawing at least as 
far as shown by a lowered endurance limit. 

Interesting data were also secured on the 
endurance of spring wires, free from decarbu- 
rization, after low temperature tempering (20 
min, in the range of 300 to 750° F.). It is gen- 
erally suggested that the optimum temperature 
for this tvpe of heat treatment lies between 400 
and 500° 
Endurance limit of the 079° 


for cold drawn, plain carbon steels. 
carbon wire, drawn 


o0'7, is ~ 72,000 psi., and after tempering at 400 
F. is —83.500 psi. (Corresponding figures for 


the O86. carbon wire are 74,000) psi. and 
91.500 psi.) 


wires drawn up to approximately 60°. reduction, 


This improvement takes place on 


but bevond this point a change always takes 
place. In many cases the limiting fatigue stress 
of the tempered wire falls below the value for 
the as-drawn, untempered condition; with those 
which do not fall below this value the limiting 
fatigue stress is only slightly raised. 

In the 
signs that it is overdrawn after a reduction of 


carbon steel there are distinet 


S2°;, because the limiting fatigue strength in the 
as-drawn condition decreases after this point and 
there is very little recovery after tempering. 
High values of the limiting fatigue stress 
mav be obtained under certain conditions. 0.79% 
carbon steel, when drawn to 8&5 reduction and 
tempered at 300 
Y3.000 psi. In the case of the O86 carbon 
~ 101.000 psi. is obtained 
Ss’, reduction after tempering at 400° F, 


F.. gives a maximum value of 


steel a maximum of 
with 7 
When it is pointed out that none of the last men- 
tioned specime ns tested was ina polishe d condi- 
tion that is, the wires would still contain slight 
draw marks and defects it seems rather amaz- 
ing that such high values should be obtained. 


Polishing can result in a further increase. 
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Recent Important Books 


Metallography 


AND Hear TREATMENT oF TRON AND 
Street, by Albert Sauveur. Fourth edition, 
19th thousand. 531 pages, 7x10%. in., 425 
illustrations. MeGraw-Hill Book Co., New 
York, and The University Press, Cambridge, 
Mass. Price 


\ STEADY DEMAND eXists for a_ technical 

work throughout a quarter of a century proves 
uncommon merit, beyond the praise or blame of 
a mere reviewer. Professor Sauveur’s book is, 
indeed, the American standard text. When com- 
paring the present edition in detail with the 
third (1926), numberless changes, additions and 
deletions are found. The text has evidently been 
completely reset, but the publishers are to be 
criticized for not insisting that the diagrams be 
redrawn to uniform style, to match their high 
tvpographical ideals. 

Two or three short chapters are new, but 
some old material has been omitted here and 
there so that the size of the book is unchanged. 
Numerous lines of work of seeming importance 
developed during the last decade are mentioned 
rather brietly perhaps too briefly — but 


ing and fabrication practices and it could well 
be argued that a textbook on metallography 
might properly confine itself to fundamentals and 
generalities and not attempt to keep up with 
specific operations. Any textbook by its very 
fixity is bound to lag behind ever-changing prac- 
tice, but if a book does attempt to correlate theory 
with practice, the practical end should be care- 
fully revised whenever the book is reprinted. In 
practical matters lies the chief deficiency of this 
book; much could be done to modernize the 
pages on the properties of the alloy steels now 
commercially exploited. 

While Dr. Sauveur in his introduction warns 
the reader that many statements will be found 
differing from views expressed in former edi- 
tions, he still champions beta iron, and even 
though members of the yvounger generation do 
not agree with him, they respect his gallant de- 
fense. One suspects that the trenches are being 
breached, however, for here and there is found 
the expression beta ferrite, which might be in- 
terpreted “beta alpha-iron.” At another place he 
also abandons an impregnable citadel (where 
beta iron is defined as a non-magnetic substance, 
body-centered cubic in crystallinity) and throws 

out a not very impressive sortie in suggest- 


on the other hand Sauveur is doubtless B Uu Y ing that the tetragonal lattice in quenched 


better able to bring them into” proper 


ily impressed by the magnitude of near-by 
things. 

His statement of the fundamentals of 
metallography would be hard to improve, 
and really that has been the chief value of 
the book and undoubtedly will continue to 


CHRISTMAS 
perspective than others of us, more read- SEALS 


steel be called beta iron (page 267). 

As might be expected from his letter 
to Merat ProGress last month, he views 
with a cold and fishy eve recent proposals 
to eliminate troostite and sorbite from the 
metallographical dictionary. Text matter 
on these transition constituents is re- 
printed practically without change. An 


be. These fundamentals are quite stable FIQHT — important new Chapter XVIII on “A Sim- 


and independent of current manufactur- vusereveesis — plified View of the Hardening of Steel, of 
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the Transition Constituents and of the Micro- 
structure of Steel” may be studied with profit, 
and is an extended statement of the views con- 
tained in the above-mentioned letter, 

Since all book reviews tend to magnify small 
defects found in everything of human origin, this 
one will end by saying that the excellences of this 
work by the Dean of American metallographers 
are Himalayan by comparison! 


rHIKD EDITION Of R. S. Williams and V. O. 

Homerberg’s “Principles of Metallography” 
(McGraw-Hill Book Co., New York, $3.50) suffers 
by comparison and is disappointing. Although 
0 pages have been added to the text, the chief 
defect of the second edition has been retained 

namely, engravings, paper and press work that 
are wholly inadequate to reproduce photomicro- 
graphs, even of average quality. 

No matter how extended may be the defini- 
tion of the word “metallography,” the center of 
the field must always be the observation and re- 
cording of structures of a wide variety of metallic 
alloys, both ferrous and non-ferrous; hence this 
matter should have first place in a book of this 
title. Since these structures (and the correspond- 
ing properties) are modified by composition, 
melting practice, heat treatment, hot and cold 
work, and various types of intelligent use or 
ignorant abuse, the teacher of metallography 
finds himself branching out into all phases of 
metallurgy physical, chemical and physico- 
chemical. Obviously this is too much for 300 
Olox8-in. pages, so the authors must be very 
sketchy in many of their statements. 

They also are best when sticking close to the 
center of the field. For instance, their Chapter V 
on macroscopic examination is the best and most 
complete statement in print (even if highly con- 
densed). Unfortunately the same cannot be said 
of their account of alloy steels. For example, no 
mention is made of the single quench for carbu- 
rized stock. Likewise, this reviewer wants 


High Purity 


Tue Merat Inox, by H. FE. Cleaves and J. G. 
Thompson, 574 pages, 6x9 in. 113 illustra- 
tions. Published for The Engineering Foun- 
dation by MeGraw-Hill Book Co.. New York. 
Price 

_ is rue sixtH of the monographs of the Al- 

lovs of Iron Research to appear. Former ones 
have been enthusiastically reviewed in these col- 
umns, and this latest addition matches the ex- 
cellence of its predecessors. fact, is 
distinctly improved in readability, the authors 
putting in many interesting sidelights and making 
less effort to compress their material into tele- 
graphic style. 

About one-quarter of the text is devoted to 
a discussion of various methods of purifying iron. 
It appears immediately that pure iron has not vet 
been approached as close as 99.99, , although the 
determination of numerous impurities existing 
to 0.001% or less is another unsolved problem. 
Degasified electrolytic iron 99.9'. pure is rela- 
tively easy to get; this and open-hearth ingot iron 
YS, pure represent the raw materials used in 
most work on so-called pure iron. (In reality it is 
iron of only reasonably high purity.) 

Aside from being a useful starting point for 
fundamental metallurgical investigations, pure 
iron is most interesting for its magnetic proper- 
ties. Whereas a maximum permeability of 11,000 
was had in the purest iron of 1914, Yensen of 
Westinghouse and Ciofli of Bell Telephone Labo- 
ratories have vastly improved this, Ciofli’s most 
recent achievement being 280,000, The ultimate 
value cannot be predicted and awaits the produc- 
tion of large single crystals of iron, free from 
lattice distortion due to chemical impurity or to 
mechanical or thermal strains. Much of the 
literature on ferromagnetism has to do with mag- 
netic theory, and is not reviewed in this volume, 
for few physicists have made a serious attempt 

to find out the fundamental numerical 


to scream when he sees the ancient Guil- B Uu y data. In this line, as in much other scien- 


let's “constitutional diagram” for alloy 


though there has been no more accurate 
work done in the last 30° vears. The 
authors also overlook the exceedingly fine 
work of Messrs. Dix, Keller and Wilcox 
on the identification of the score of con- 
stituents found in aluminum alloys 


tific metallurgical work, published investi- 


CHRISTMAS 
steels printed and reprinted, just as SEALS 


gations are difficult if not impossible to 
interpret and correlate because the ex- 
perimenter failed to describe the history 
of his specimens, or to determine their 
chemical composition and physical struc- 
ture accurately. Hence widely different 


physical data are sometimes reported for 


allovs of rapidly increasing importance, material simply described by the experi- 


commercially. 


December. 


rusercucosis menter as “electrolytic iron.” 
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pl operties of iron 


pages are devoted to the chemical 
that is, its corrodibility — an 
extremely interesting chapter, valuable to any 
student of corrosion. There is a voluminous 
literature (much of it highly controversial and 
based on assumed, or at least unproven, proper- 
ties of pure iron) on the relative corrosion re- 
sistance of electrolytic iron, ingot iron, wrought 
iron and low carbon steel. The authors close the 
chapter with the sapient remark: “Corrosion re- 
sistance of iron may be summarized in two words 
iron rusts.” 

Basic open-hearth ingot iron is of such large 
commercial importance that the chapters on 
mechanical properties and heat treatment and 
aging will be particularly interesting to users of 


ging 
high grade sheet metal. These hundred pages are 
only typical of the fact that a book which on first 
thought would appear to be interesting to a 
relatively few researchers in physics or metal- 
lurgy actually contains a great deal of informa- 


tion applicable to many industrial problems. 


Alloy Steels 


THe AND Application oF MoLyBpe- 

NUM Sreevs, by Julius L. F. Vogel and W. F. 
103 pages, 615 by 91. in., 49 illus- 
The Kennedy Press, Manchester 1, 
through 


Rowden. 
trations. 
England. Complimentary copies 


High Speed Steel Allows, Ltd. 


— BooK, written by two of the ablest alloy 

steel men in England, brietly covers the manu- 
facture of molybdenum steel, and goes into some 
detail concerning the properties and applications 
of these steels as produced in Eagland. The 
American reader will find the sections on man- 
ganese-molyvbdenum and chromium-nickel-mo- 
Ivbdenum steels of particular interest, since they 
are of types that are not extensively used in the 
United States. 

The property of molybdenum in eliminating 
temper embrittlement is very forcibly brought 
out in this book, which gives charts showing the 
susceptibility of various alloy steels not contain- 
ing molybdenum to impact brittleness after slow 
cooling from drawing or annealing heats. The 
English take much more stock in impact tests 
than they do in elongation and ductility figures, 
because the former figure measures toughness in 
addition to normal ductility. 

The book is well illustrated with interesting 
pictures taken at many famous English steel 
plants, and contains much information which will 


be of value to any steel metallurgist who wishes 
to know more about molybdenum in particular, 
and foreign steel practice in general. 

C. M. Logs, Jr. 


RB" HLEHEM STEEL Co. has issued two references 

manuals of unusual quality, one on ALLoy 
STEELS and the other on Street PLares. These are 
bound in fabricoid, 6x9 in. page size, each about 
360 pages, and are for complimentary distribu- 
tion. The manual on alloy steels will be especially 
useful since it contains a large number of charts 
showing tensile properties after various heat 
treatments. Next is a discussion of the various 
steels applicable for specific uses, and for the 
specific industries. Finally comes a series of 
short sections on the effect of various fabrication 
processes on the properties of the steel, on meth- 
ods of test and inspection, and on standard speci- 
altogether a most 


fications and_ tolerances 


complete compendium. 


More and Better Welding 


Proceptre Hanppook or Arc WELDING DESIGN AND 
Practice, Third Edition, 596 pages, 6x9 in., 
714 figures. Lincoln Electric Co., Cleveland. 
Price $1.50. 

ISTRIBUTION Of this book has been phenom- 

enally large, and proves (if any proof be 

needed) the widespread interest in welding as a 
fabrication process. Two large editions were 
exhausted in exactly two years, and this third 
edition is enlarged by some 140 pages. The price 
charged is nominal, in the sense that it probably 
is less than engravings, printing, paper and bind- 
ing of such a large volume. 

While the work is intended for welding oper- 
ators as well as supervisors, designers and en- 
gineers, the amount of space devoted to technique 
is relatively small, hardly 10° of the book. The 
most value comes to men responsible for welded 
construction; there are 400 pages of text devoted 
to design of machine parts and building frames, 
and a multitude of pictures of successful work, 
much of it quite complicated. 

Anyone merely paging through the book 
would be impressed with the essential correct- 
ness of a welded joint in practically all places 
where a fixed joint must be made between sim- 
pler units. Or, put it another way; the observer 
wonders what uses the screwed, bolted or riveted 
joints would now have if the electric welding 
process had been known in Bessemer’s day. 
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THE GIFT 
OF FRIENDSHIP 


‘Tuner is a priceless gift within reach of every 
one—the gift of friendship. 

Of all the services of the telephone there is 
none more important than this—helping you to 
make friends and to keep them. 

When people are in trouble, you go to them 
quickly by telephone. The telephone carries your 
good wishes on birthdays, weddings and anniver- 
saries. Arranges a golf game or gets a fourth for 
bridge. Invites a business acquaintance to your 
home for dinner, and advises *“*home”™ that he is 
coming. Congratulates a youngster on his work 


at school. Thanks a neighbor or asks about the 


baby. Renews old times—shares confidences— 
plans for the future. 

Thus the bonds of friendship are formed and 
strengthened. Greater happiness comes into the 
widening circle of your life. Some one, somewhere, 
says sincerely—"“"It was nice of ou to eall.”” This 
day, a voice-visit by telephone may bring reassur- 


ance to some friend who is wondering how you are. 


More and more are people turning to Long Distance to 


carry friendly voices across the miles. They like its speed, 
clarity, intimacy and low cost—especially after \ 
7 P.M... when calls by number to most points A 


cost about WY less than in the daytime. 


BELL TELEPHONE SYSTEM 
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Francis Foley 


Francis B. Foley 


Frank Foley, chairman of the Philadel- 
phia Chapter in 1934-35, was graduated from 
; ; Girard College, entered the art department 
cee of a newspaper, reformed quickly, and then 
started off in a metallurgical career as a 
clerk and door-pulier in’ the open-hearth 
department of the Midvale Steel Co. That 


was in 


Two vears later he was promoted to the 
Research Staff and remained at) Midvale 
until P17. Between 1917 and 1926, when he 
returned to the company, he engaged in 
varied activities. 

First he accepted Sam Hovt's invitation 
to assist him in teaching metallography at 
the University of Minnesota, but in) 1918, 
When almost everyone was drawn into the 
War, he became a member of the War Ma- 
terials) Investigation Group of the U.S. 


Bureau of Mines and in 1919 headed the 
as lron and Steel Division of the Bureau at 
oe Pittsburgh. As a Bureau metallurgist, he 
ete had the privilege of collaborating with the 


late, famed Dr. Henry Marion Howe for a 
vear, and then returned to the Bureau to en- 


vage in research in drill steel for mines and 


James M. Hutton W. A. Welcker, Jr. 


Chapter Chairmen 
ALS. M. 


3 
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SM 


E. J. P. Fisher 


oil wells. Blast furnace 
research work was next in 
order for the Bureau of 
Mines at Minneapolis and 
at Rolla, Mo. In 19214 he 
was metallurgist for the 
Lucey Mfg. Corp. in Chat- 
lanooga two 
later returned to the Mid- 


vears 


vale Co. as superintendent 


of research, where he has 


Votgt Proctor 


remained to this day. 
Mr. Foley joined the 
A.S.M. about 15 vears ago 


has from time to time acted as chairman of technical 


that is, very early and 


sessions and has addressed a number of the chapters 
on technical subjects. He is also a member of the 
American Institute of Mining and Metallurgical En- 
gineers, the British Iron and Steel Institute, and the 


American Chemical Society. 
James M. Hutton 


James Muer Hutton, born in Glasgow, like all 
true Scots is an inveterate traveler and takes Euro- 
pean tours with as little concern as most of us step into 
our automobiles for a 50-mile spin down country 


and back. (Continued on page 66) 
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Sinbad’s Burden 


... Yielding to the pleadings of the Old Man of the Sea, Sinbad 


lifted him onto his shoulders and carried him tenderly across 


the stream. To his amazement, the Old Man refused to alight. 
Instead, he entwined his legs so tightly around Sinbad's chest 
that he could not be shaken off. Day after day Sinbad’s burden - 


became more and more crushing. . . . 
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INDUSTRY'S MOST 
MODERN AND 
VERSATILE ALLOY 
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Personalities 


Mr. Hutton received his education in Scot- 
land and England and keeps up to date by con- 
tinuous study at American universities.  Dur- 
ing the World War he was comptroller of parts 
of scientific instruments for the Allied Navies. 
Later he was foundry superintendent of a branch 
of the General Electric Co. at Coventry, England. 
In this country he was superintendent of the Atlas 
Die Casting Co., Worcester, Mass., before joining 
the Precision Casting Co. at Syracuse, N. Y., 
where he has been metallurgist for nine years. 

In addition to the American Society for 
Metals, Mr. Hutton is a member of the British 
Institute of Metals and a number of other tech- 
nical societies. He has served the Syracuse 
Chapter as vice-chairman and chairman and has 
attended all of the National Metal Congress meet- 
ings for the past nine years. 

As a Scotchman, Mr. Hutton brags about the 
fact that he buys third-class passage for ocean 
travel and uses a first-class cabin. We dont 
know how he does it, but we hope none of the 
steamship officials will read this! 


W. A. Weleker, Jr. 


William A. Welcker, Jr., first saw the light of 
day at Roanoke, Va. Satisfying an early military 
tendency, he did plenty of “squads east” at Vir- 
ginia Polytechnic Institute while preparing to 
receive a B.S. in Mechanical Engineering in 1926. 
The sunny south claimed him for two more vears, 
while in maintenance and operation work for 
the Viscose Corp. of Virginia, and as assistant 
chemist for the Norfolk and Western Railway. 
He rode the rails all over the East for the N. & W.., 
inspecting and testing various railroad supplies. 
By reason of his foundry control work and test- 
ing of gray iron, steel, and non-ferrous castings, 
he helped keep the line out of the red no small 
accomplishment! 

When Mr. Welcker came north, it was as an 
engineer specializing in electrolysis for the study 
of underground corrosion at Columbus, Ohio. In 
1929 he joined the staff of Battelle Memorial In- 
stitute as research engineer, a position he still 
holds. He has several papers to his credit in the 
field of low temperature testing and endurance 
work, and is much interested (Cont. on p. 68) 


STEWAR] 


Industrial Furnaces 
of all kinds 


Forging, Heat Treating, 
Metal Melting, etc. 


Car type furnaces,Conveyor fur- | 
naces, and the Stewart Gasifier 

A Stewart representative is located 


near you. Let us know and we will see 
that he gets in touch with you quickly. 


CHICAGO FLEXIBLE SHAFT CO. 
1104 So. Central Ave., Chicago, U. S. A. 
FLEXIBLE SHAFT COMPANY, Ltd. 


349 Carlaw Ave., Toronto, Ontario, Canada 
Eastern Branch Office: 11 W. 42nd Street, New York, N. Y. 


Netallurgist 


WITH CREATIVE IDEAS 


is wanted by a large mid-western 


metal fabricating plant of highest 


financial rating. He will do re- 
search and designing work; will 
be in a position of authority; will 
command a substantial salary 


from the start. 


— ..+ He must have originality and in- 
itiative; executive tact; a thorough 
knowledge of the properties of such 
metals as brass, copper, steel, stainless 
steel, etc; also familiar with brazing. 
His letter in response to this inquiry 
should stress products or processes he 
has originated. This letter will be 
held in strictest confidence. Address 
Box P-129, this magazine. 
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Prevent Costly 
Burning of 


FURNACE ROOFS 


Poe OU can't take chances on excessive furnace roof 

Brown Radiation Pyrometer Unit installed temperatures. It is too costly. Overheating not only 

on Open Hearth Roof connected to damages furnace roofs but also multiplies shutdowns for 
Recorder for First Helper. patching, and increases fuel consumption per ton. 


Brown Potentiometer Pyrometers installed on open hearth 
or heating furnace roofs enable you to hold roof temper- 
atures below the danger line—get more heats per cam- 
paign—reduce repair and fuel costs per ton—insulate 
with safety. 


Temperature measurement by means of Radiation, Tuyere 
Type or Imbedded Thermocouples—Recording, Signal- 
ling or Automatic Fuel Cuto#—AIll are available in Brown 
Open Hearth Roof Temperature Systems to meet individual 
plant requirements and preference. 


Put a Brown Potentiometer Pyrometer on your furnace as 
a safeguard against costly overheating of furnace roofs. 
Easily installed on present or new equipment—requires 
no alterations in furnace structure or changes in method of 
operation. 


Write for information—Brown Instruments, a division of 
The Minneapolis-Honeywell Regulator Company, 4503 
Wayne Avenue, Philadelphia, Pa. Canadian Factory: 
117 Peter Street, Toronto, Canada. Offices in all Principal 
Cities 


Brown Potentiometer Py- 


BROWN POTENTIOMETER PYROMETER 
MINNEAPOLIS: HONEYWELL CONTROL SYSTEMS 


To Measure and Control is to Economize , 
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LEITZ Personalities 


PANPHOT 


Phe perfect combination of in the testing of bearings and in heat treatment. 
Metal Microscope with 

mirror reflex camera hav- He excels as a “gadgeteer” and photographer. 
ing a permanently aligned Bill has been a member of the Executive 
and pre-centered illumina- Committee of the Columbus Chapter for several 


vears, served as vice-chairman and finally as 


chairman in 1934-35. 
Kk. J. P. Fisher 


Mr. Fisher fails to disclose what EK. J. P. 
stands for, but does admit that he is familiarly 
known as “Bud” or the standardized nickname 
“Alphabet.” Born of American parents in Ber- 
lin, Germany, in 1900, he claims he crossed the 
Literature Upon Request Atlantic three times before finally being settled 


DEPARTMENT “MIP” in New Jersey at the age of two. 


His B.S. in chemistry was awarded for sur- 


kK. kK t 4 Z. In q*. vViving four vears at Worcester Polytech. Post- 


60 EAST lOth ST. NEW YORK CITY graduate work in metallurgy under Prof. Wil- 
Branches: Washington, D. C., Chicago, UI. liam Campbell at Columbia’s School of Mines 
San Francisco, Calif., Los Angeles, Calif : 
further prepared him for his start in the business 
world in 1921. 


His first job was as melter and metallurgist 


for a budding die casting company in Worcester. 
The economic “frost” of 1922 (not his melting 
practice) closed this first episode and led to a 


series of experiences (jobs to vou) including suc- 


cessive connections with General Electric Co. at 
Harrison, N. J... Ro Wallace and Sons Mfg. Co. at 
Wallingford, Conn. Carpenter Steel Co. and 
Diamond Chain & Mfg. Co. at Indianapolis, Hub- 


7 
SHRINKAGE bard Steel Foundry at East Chicago, and finally 
— DUSTING LOSS Keystone Steel & Wire Co. at Peoria, IIL, where 


he was physical metallurgist until a recent change 
to Republic Steel Corp., where he is metallurgist 


with the rod and wire division, Chicago district. 


Bud is a member of many technical societies, 
was director and head of the Metallurgy Section 
of the Peoria Academy of Science, and captured 
the first Wire Association Medal for his paper 
on “Cold Drawn Spring Wire.” 

He is a veteran of many A.S.M. chapter 
associations, having joined the New Haven Chap- 
ter in 1923, served the Indianapolis Chapter as 
treasurer and chairman, transferred to the Chi- 


CHAR P RODUCTS COMPA NY cago Chapter, and finally assisted in the organiza- 


3 ‘ MERCHANTS BANK BUILDING INDIANAPOLIS tion of the “baby” Peoria Chapter in 1954. He 
was immediately elected the first chairman. 
5 : Ea (More btographies on page 70) 
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1929 
Wolverine Diesels have Crankshafts 
Steel 


6-cylinder, 


{-cycle, 9-inch bore and 14-inch stroke air-reverse marine Diesel engine, built 
by Wolverine Motor Works, Bridgeport, Conn. The Crankshaft is Chrominm-V anadium Steel 


FERRO ALLOYS 


of vanadium, sili- 


con, chromium, 
titanium, and sili- 
co-manganese,pro- 
duced by the 
Vanadium Corpo- 
ration of America, 
are used by steel 
makers in the pro- 
duction of high- 
quality steels. 


In the Wolverine Diesel . . . a marine 
engine characterized by the use of alloy 
steels in intake valves. base columns, 
cylinder head, main bearings and other 
. the crankshaft is Chro- 


mium-Vanadium Steel. 


vital parts. . 


Chromium-Vanadium Crankshafts 
have been used on Wolverine Diesel 
engines since 1929. The high anti- 
fatigue properties of Chromium-Vana- 
dium Steels, its high torsional elastic 
limit and its superior resistance to 
dynamic stresses assure the dependabil- 


ity so essential in Marine engines. 


If the performance of your product 
is dependent upon the fatigue resistance 
of a steel part. . . if a tougher, longer- 
lived steel will reduce your production 
costs... Metallurgists of the Vanadium 
Corporation of America will be glad to 
help you select steels chat will meet your 
requirements. 
VANADIUM CORPORATION OF AMERIE 
120 BROADWAY, NEW YORK, N.Y 


PITTSBURGH DETROI 


Bridgerille, Pa 


CHICAGO 


Plants at Bridgeville, Pa.. and Niagara Falls. 
Research and Development Labs., Bridgeville. Pa 


VANADIUM STEELS 


for strength, toughness and durability 
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Personalities 


Raymond T. Porter 


Ray Porter was introduced to the forging in- 
dustry under the guiding hand of his father, then 
superintendent of the Heppenstall Co., Bridge- 
port, Conn. The paternal idea was that a start 
when young did no harm, so during his high 
school years young Porter spent Friday nights 
and summer vacations operating a lathe in the 
machine shop of the Heppenstall Co. When he 
finished high school in 1918 the lure of hot metal 
under the hammer and press had so drawn him 
that he worked for three vears in the forge de- 
partment as hammersmith. 

He was then transferred to heat treating and 
in 1923 was placed in charge of that department 
as well as of the physical testing of materials. In 
1932 he entered the sales department the pres- 
ent location of many a good technician. 

Mr. Porter joined the New Haven Chapter 
in 1927 and served on the executive committee 
1934 


after serving as secretary, and vice-chairman. 


for three vears. He became chairman in 


Voigt Proctor 


Born in Pittsburgh and therefore completely 
surrounded by steel mills, Voigt Proctor never- 
theless had no intention of entering the steel 
business when he studied engineering at Penn- 
svivania State College. 

His first job was as industrial engineer for 
Pittsburgh Plate Glass Co. He next worked for 
Armstrong Cork & Insulation Co. and was even- 
tually sent to Chicago to sell cork board to the 
packing plants. But the odor of the Stock Yards 
made him homesick the mills and 
brought him the realization of where his future 
lay. He therefore moved back to Pittsburgh and 
started selling tool steel for Colonial Steel Co. 

Some of the first heats of stainless steel were 
then being made by Allegheny Steel Co. and the 
possibilities of this remarkable material so in- 
flamed his imagination that he took a job selling 
This led to a position in the 


for steel 


the new stainless. 
special steel department of Joseph T. Ryerson & 
Son of Chicago. When a similar department was 
organized in Cincinnati, Mr. Proctor was sent to 
take charge of it. Hence he became chairman of 
the Cincinnati Chapter last vear. 


SCALE and DIRT 


are quickly and economically cleaned from 
all heat treated parts by using . . . 


Pangborn Blast Cleaning Equipment 


Automatic outfits 
Write for free Bulletins. 


Manually operated Cabinets for small jobs 
for large production requirements. 


PANGBORN CORPORATION 


The World's Largest Manufacturer of Blost Cleaning end Dust Collecting Equipment 


HAGERSTOWN * MARYLAND: 


e 


Pointing to 


ALL INDUSTRIES 


Driver-Harris engineering and 
research departments are al- 
ways at your service in de- 
veloping heat resisting castings 
suited to your particular pro 
duction. 


Driver-Harris Company 


Harrison, New Jersey 
Chicago—Detroit 
Morristown, N. J.—Cleveland 
England—Frauce—lItal» 


The Original Heat Resisting Alloy 
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New ork 


NORTON REFRACTORIES 


are the answer to many 


It vou re ha eat 
high te erature 1 Nort 
ems he tv retract 
deve ESPEK y for use where « 
ditio e unusua severe hree dit 
ferent materials 1 e it ssible to meet 
the r ements of many typ 
ta cations kor « ( 
For Enameling Metal— 
AMlundum Refractories 
(f ised alun Hla 
FEATURES: Resistance to high tem 
peratures, great strengt high heat 
transter, stabilit fe, low tur 
cost 
For Heat Treating Metal— 
Crystolon Refractories 
(silicon carbide ) 
FEATURES: Resistance to high ten 


peratures, vreat strength gh h 
transter, resistance spalling, re 
sistance to abrasion long low Tur 


cost 


For Melting Metal — 
Fused Magnesia Refractories 
FEATURES 


Resistance to high ten 


neratures hemical resistat 
perature chemical 1 ance and 

mi Sand ¢ 

] 

ements il rice share tor 

tvpes Oot inductor rnace il i! 

small tor melty and nor 

terrous metals 
i? you ive 1 ] reirg 
will pav vou t mit if te \ rt ‘ 


NORTON COMPANY 
Worcester, Vass. 
Cleveland 


Chicago 


1885 — Fiftieth Norton Year — 1935 
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Literature 


Heat in Industry 


“Wherever Heat Is Used in In 
dustry” is the tithe of Surface Com- 
bustion Corp.’s new booklet which 
starts with “Surface Combustion” 
principles and shows a part of vari 
ous types of standard burners and 
furnaces and special furnaces. Bul- 
letin Dx-ol. 


Progress in Pipe 

\ 16-page, 2-color folder released 
by Republic Steel Corp. lists and 
describes the various types of tubu- 
lar products manufactured by Re- 
public and its subsidiary, Steel & 
Tubes, Inc. It is indexed for added 
convenience, Bulletin Dx-s. 


Airless Cleaning 
Comprehensive coverage of abra- 
sive cleaning and preparation 
methods by description and illus- 
tration is contained in a colorful 
book published by the American 
Foundry Equipment Co. It de- 
scribes the airless abrasive cleaning 
and preparation method known as 
“Wheelabrating.” Bulletin Dx-112. 


Solvent Degreasing 

The effectiveness and simplicity 
of the new methods of solvent de- 
greasing are remarkably well dem- 
onstrated in a booklet by Rex Prod- 
ucts and Mfg. Co. Machines are 
available for the vapor, immersion, 
and spray methods used either 
singly or in combination. Bulletin 


Tubing Weight Tables 


Timken Steel & Tube Co. has is- 
sued a series of “Master Weight 
Tables” for round steel tubing, on 
letter size heavy paper, punched 
for binding. Weights per lineal 
foot of length are given for all sizes 
of hot finished and cold) drawn 
tubing. Bulletin Mx-71. 


LEverdur 

Properties, applications, and 
forms available of this copper- 
Silicon-manganese alloy are de- 
scribed by American’ Brass Co. 
High strength and = corrosion re- 
sistance, ductility, weldability, 
workability, and moderate price 
are some of the advantages featured. 
Bulletin 


Aluminum Alloys 


Working facts on aluminum 
the properties and heat treatment 
of both cast and wrought alloys 
are briefed for the manufacturer 
and designer in a booklet by Alu- 
minum Co, of America. ap- 
pendix gives tables) of physical 
properties, forms sizes avail- 
able. Bulletin De-54. 


Nickel Silver 


Seymour Mfg. Co. has a foldet 
which gives the story of nickel 
silver its historical background, 
preferred composition, applica- 
tions, shapes available, and modern 
method of manufacture. Bulletin 
\x-48. 


X-Rays in Industry 


General Electric X-Ray Co. has 
available a profusely illustrated bro- 
chure which gives the complete 
story of the industrial applications 
of X-Rays, the modern inspection 
tool. Bulletin Ma-6. 


Stainless Steels Uses 

The wide range of applications 
of Allegheny Metal, best known of 
Allegheny Steel Co.’s corrosion and 
heat resistant steels, pictorially 
covered in a new and interesting 
booklet. Bulletin Ob-92. 


Pyrometer Accuracy 


thought-provoking folder of 
Hoskins Mfg. Company explains 
how the use of Chromel-Alumel for 
pyrometer lead-wires makes it pos 
sible to take full advantage of mod- 
ern pyrometric instruments. Bul 
letin Ob-24. 


Hardness Testing 


Men interested in hardness test 
ing may tind it worth while to read 
the recent catalog of Wilson Me- 
chanical Instrument Co. which de- 
scribes the latest design of Rock- 
well hardness testers and auxiliary 
work supports. Bulletin Sp-22. 


Metallograph 


A new 36-page booklet of E. Leitz 
Inc., contains all information on the 
Leitz large  Micro-Metallograph 
MM 1. Excellent photomicrographs 
are reproduced to show its” ¢a- 
pacity. Special attention is given 
to the darkfield illumination fea 
ture. Bulletin Se-47. 


Pyrometer Drive Unit 


For installations where their po 
tentiometer control pyrometers are 
to be used singly, the Foxboro Co. 
has developed an improved type of 
motor drive unit. A new bulletin 
describes this unit and gives com 
plete details regarding Foxboro po 
tentiometer controllers. Bulletin 
Ox-21. 


Annealing Coiled Strip 


How G-E bell-type furnaces for 
bright annealing coiled steel strip 
produce a uniform, high quality 
product is told by General Electric 
Co. in Bulletin Jyx-60. 
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Refractory Cements 


The control of heat in many in- 
dustrial processes depends upon 
refractory materials that may be 
sprayed, painted, poured, trowelled, 
or rammed into position. Norton 
cements for these purposes are de- 
scribed in a booklet which has an 
appendix giving tables and miscel- 
laneous information of great value 
to furnace operators. Bulletin Ox- 
SS-A, 


Vanadium Facts 

Revived after nearly 20 years is 
the house organ of Vanadium Corp. 
of America, “Vanadium Facts.” This 
paper shows considerable thought 
and care in its preparation and 
contains valuable and = interesting 
information on vanadium. steels. 
Bulletin Ox-27. 


Carburizing Sieel 


High strength and ductility, forge- 
ability, and wmachinability, com- 
bined with superior case carburiz- 
ing properties, permit the attain- 
ment of maximum production with 
ininimum cost. Such’ properties 
are obtainable in Jones & Laugh- 
lin’s Jalease steel. Bulletin Mx-50. 


New Homo Furnace 


The new Homo furnace described 
in a bulletin issued by Leeds & 
Northrup provides for even temper- 
ing on a very dense load. Auto- 
matic control includes a_ feature 
that prevents overshooting. Fine 
tempering on extra dense loads at 
low cost is provided. Bulletin Mx- 
46. 


Metallographic Methods 


“WACO Service” suggests appli- 
cation of the newer methods to 
daily routine. Ineluded the 
new bakelite specimen mount, low 
cost polishers and grinders, and an 
offer of sample Selvyt polishing 
cloth. Wilkens-Anderson Co. Bulle- 
tin Ox-7. 


Hardness Conversions 


International Nickel Co. has a 
handy, celluloid,  vest-pocket-size 
hardness converston table, which 
quickly gives approximate relation 
between Brinell, Rockwell and 
Shore hardness values and corre- 
sponding strengths of nickel alloy 
steels. Bulletin Nx-45. 


Information on Bristol Co.'s meta- 
meter, Which makes it possible 
to control temperatures, pressures, 
levels, and other process conditions 
or operations at any distant place, 
is contained in Bulletin Ax-87. 
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Castings for High Heat 


The compositions, properties and 
uses of Driver-Harris Co.'s Ni 
ehrome, Chromax, and Cimet, and 
other alloys for high temperature 
ind corrosion resistance are given 
in a new illustrated folder. Bulletin 
Nx-19. 


No-Contact Control 


A book which should be in the 
hands of every man interested in 
temperature reading and control 
is the Data Book published by 
rhermo Control Devices, Ine. 
which describes a line of indicating 
and controlling pyrometers with 
Wheelco no-contact system of con- 
trol. Bulletin Dx-110. 


New Joining Process 


Metal parts are joined cheaply, 
neatly and strongly by Electric Fur- 
nace Co.'s new, inexpensive non- 
oxidizing furnace atmosphere and 
their new, continuous brazing, cop- 
pering and soldering furnaces. Full 
details are given in Bulletin Ar-30. 


Nickel-Copper Steels 


Exceptional resistance to corro 
sion and abrasion, increased tensile 
strength, and higher ductility are 
the qualities claimed for Youngs 
town Sheet & Tube Co.'s new series 
of Yoloy steels. summary of 
properties and notes on their char- 
acteristics are contained in Bulletin 
Ox-93. 


Tool Room Furnace 


A new type of lining and one 
valve control are two of the features 
of the American Gas Furnace Co.'s 
new tool room oven furnace that 
would make it economical to re- 
place many older furnaces now in 
operation. Fully described in Bul 
letin Ox-11. 


Alloy Castings 


A new bulletin on corrosion and 
heat resisting alloy castings is of- 
fered by Michiana Products Corp., 
manufacturers of Fire Armor and 
Zorite and other heat and acid re- 
sisting castings. Bulletin Jyx-81. 


Testing with Monotron 


Shore Instrument & Mfg. Co. of- 
fers a new bulletin on Monotron 
hardness testing machines which 
function quickly and accurately un- 
der all conditions of practice. Bul 
letin Je-33. 


Moly Matrix 


Climax Molybdenum Co.'s little 
monthly newspaper contains many 
interesting and informative articles. 
Get the latest issue by asking for 
Bulletin Ax-4. 


Centrifugal Compressors 


B. F. Sturtevant Co. has a line of 
centrifugal compressors designed 
particularly for industrial furnace 
applications. These are illustrated 
and described in Bulletin Myx-58. 


Rotoblast 


\ new blast cleaning machine 
eliminates the need for compressed 
air as the abrasive driving agent. 
Pangborn Corporation tells how a 
rapidly spinning wheel propels the 
ibrasive by controlled centrifugal 
force. Bulletin Ox-68. 


Machining Handbook 


rhis litthe handbook giving ma 
chining properties and a great deal 
of other related data for a wide va 
riety of steels should be of much 
value in aiding the steel user to se 
lect the right steel for the right pur 
pose. Union Drawn Steel Co. Bul 
letin Ox-83. 


Welding Metallurgy 


J. H. Critchett, vice-president of 
Union Carbide & Carbon Co., has 
prepared an exceptionally inform 
ative discussion of the physical and 
chemical principles involved in the 
oxyv-acetylene welding of steel. Bul 
letin Ayx-63. 


Air-Operated Controllers 


The simplicity and outstanding 
performance of Brown Instrument 
Co.'s new Air-o-Line air-operated 
controllers, with their interchange 
able control units and “ready-at 
hand” adjustments, make them a 
revolutionary contribution to a 
large range of diversified indus 
tries. Bulletin Ox-3. 


High Tensile Steels 


Three types of high tensile steel 
particularly adapted to the trans 
portation industries are described 
in a folder from U. S. Steel Corp. 
These are a chromium-copper-sili- 
con steel for corrosion resistance, a 
medium manganese steel, and a 
strong structural silicon steel. Bul 
letin Mx-79. 


Silico-Manganese Steel 


Silico-Manganese steel for heavy 
duty springs is the subject of Beth- 
lehem Steel Co.'s new folder giving 
its properties and recommendations 
for heat treatment. Bulletin Jvx-76. 


Turbo Compressors 


The new items in Spencer Tur- 
bine Co.’s bulletin are a new and 
smnaller “Midget” turbo for indi- 
vidual mounting, a single-stage line 
which effects new economies, and 
the gas-tight turbos for acid and 
explosive gases. Bulletin Mx-70. 


Heat Treating Manual 


\ folder of Chicago Flexible 
Shaft Co. contains conveniently at 
ranged information on heat treat 
ing equipment for schools, labora 
tories and shops, and also illustrates 
the several types of Stewart indus 
trial furnaces. Bulletin Ar-49 


Big-End-Up 

Gathmann Engineering Co, briefly 
explains the advantages of steel cast 
in big-end-up ingots, showing the 
freedom from pipe, excessive seg 
regation and axial porosity, An 82' 
ingot-to-bloom vield of sound steel 
is usual. Bulletin Fe-13. 


Heat Resisting Alloys 


Authoritative information on al 
lov castings, especially the chro 
mium-nickel and = straight chromi 
um allovs manufactured by General 
Allovs Co. to resist corrosion and 
high temperatures, is contained in 
Bulletin D-17. 


Neophot 


“Neophot” is the name of a new 
netallograph of radically new de 
sign and universal adaptability \ 
pamphlet distributed by Carl Zeiss, 
Inc., gives its applications and fea 
tures and is well illustrated with 
beautiful samples of micrographs 
work. Bulletin Jx-28 


Ni-Cr Castings 


Compositions, properties, and 
uses of the high nickel-chromium 
castings made by The Electro Alloys 
(Co. for heat, corrosion and abrasion 
resistance are concisely stated in a 
handy illustrated booklet. Bulletin 
Fx-32. 


Recuperators 


Results obtained with Carborun 
dum Company's recuperators using 
Carbofrax tubes are fuel savings, 
closer temperature control, faster 
heating, and improved furnace at 
mosphere, Complete engineering 
data regarding application to vari 
ous types of furnaces are given in 
Bulletin Fx-57. 


Tempering Furnace 


Technical details and operating 
data on Lindberg Steel Treating 
Co.'s new Cyclone electric temper 
ing furnace, which has shown a re 
markable performance record in 
steel treating operations, are given 
in Bulletin Fx-66. 
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RADIUM 


We rent Radium for industrial radiography. Radium offers many advan- 


tages as to its portability, ease of application and manipulation in the 
examination of castings, forgings, molds, weldings, and assemblies. Radium 
reveals the entire inner structure of a specimen. Use Radium when in 
doubt and be sure of the specimen. Booklet “Radium for Industrial Radiog- 


raphy” furnished without obligation. Write for Copy. 


RADON COMPANY, INC. 


Western Sales Representative 


RADIUM AND RADON CORPORATION 
Marshall Field Annex Building 
Chicago, Illinois 


METALLOGRAPH 


This new instrument is the last word in metallographic con- 

struction. Of simple, but stable design — Convenient of oper- In Bright field 
ation. Unexcelled optics —Instantaneous change from bright 
field to dark field without disturbance of focus. The use of 
polarizing equipment, the possibility of low power survey pho- 
tography and of macro-photography of large objects, are out- 
standing features for which the metallographer has been 


longing. 4 copy of descriptive catalog Micro 500 will be supplied upon request. 


Carl Zeiss, Inc., 435 Fifth Ave.. NEW YORK 


Same in Darkfield 
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s Michiana Heat-resistant Alloy radiant tubes to serve as heating elements in sheet 
annealing furnaces. Parallel sections are thin-walled centrifugally cast. End sec- 
tions sand cast and electric welded. 
Heat-Resistant and 


Ma 


Michiana Centrifugal Casting 


WHY 


Michiana Centrifugal Casting guarantees uniformity of texture, strength, all 
characteristics throughout the piece—impossible to obtain by ordinary methods. 
And the surface is so perfect as it comes from the machine, that with a very little 
finishing it meets most exacting requirements. 


WHERE 


Michiana Centrifugal Casting deserves first consideration wherever the general 
form is tubular—pots, retorts, tubular liners, tubes. Though the general form 
must be tubular, many variations are already possible, and so the safe way is to 
consult Michiana first before assuming that you cannot enjoy the advantages of 
this great stride forward—the Michiana method of centrifugal casting. 

This method, and the equipment involved, is the result of long and tremen- 
dously varied experience in the art of heat-resistant and corrosion-resistant alloy 
casting. It is typical of the advances constantly being made by Michiana Metal- 
lurgists. This progressiveness makes it a common experience for Michiana cus- 
tomers to receive castings which exceed their expectations in efficiency and life. 


MICHIANA PRODUCTS CORPORATION, Michigan City, Ind. 


L. H. WHITESIDE E. E. WHITESIDE PAUL MENOUGH G. FRAZEF 
80 East Jackson Blvd. 1219 Sc. Clair Ave Chamber of Commerce Bldg Petroleum Bldg 
Chicago, IIL Cleveland, Ohio Piusburgh, Pa Houston, Texas 
Cc. M. CONNER A. A. CASH JOHN R. GEARHART a 
L701 Arch St. 2842 West Grand Blvd 600 Fallon St me. oT 
Philadelphia, Pa. Detroit, Mich Oakland, Calif. 
> 
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How the WHEELCO SYSTEM 
Operates 


Keferring to above sketch: Between the coils “A’ 
(which are attached to and move with tempera 
ture limit set pointer “B”) a current flows on a 
given wave length. The heat indicator carries the 
tiny flag “C” which, when it enters into the coil 
“A”, changes the wave length on the same prin- 
ciple as turning the dials of a radio set. As a 
result a new wave length is set up, causing the 
rise in current of a vacuum tube, which in turn 
starts an electrical relay to function 


Thermo Control Devices. Ine. 


1112 Milwaukee Avenue 


SEND 


YOUR 
COPY 


Chicago. Hlinois 


should be in the hands of every 
man interested in femperatu re 
reading and control .. « 


The WHEELCO No Contact System of Temperature Con 
trol introduces a radio principle which does away with all 
mechanical devices in the control instrument, obviating the 


use of Cams, gears, depressor bars, ete 


We offer a line of indicating-controlling pyrometers with 
the WHEELCO No Contact System of Control as low 


as SHOO0, 


The WHEELCO Limitrol is an entirely new instrument 
It is an indicating pyrometer and a temperature limit con 
trol that will operate an alarm and shut off the furnace, if 
desired. The Limitrol will function with your present con 
trol equipment as a protective device. It will shut off the 
furnace in case of broken thermocouple or the failure of 
vour regular control equipment. The saving of one batch 


or load will often pay for its installation. Price $75.00. 


The Limitrol with automatic switch will automatically indi 
cate the temperature every 10 seconds of as many as 39 
thermocouples, show a danger signal and act as a valve 
control or circuit breaker at any one of the 39 thermo 


couples which have reached the limit of temperature set. 


MP} 


Please send 
me data book 
and literature 
on instruments 
checked: 


FOR 


Indicating Contro! 
Pyrometers 


Limitrol 
NOW 
Name 


Address 


Company 
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LABORATORY TESTED 


To Meet Standard Specifications 


RESILIENT “FATIGUE” 
RESISTANT 


ACK of every shipment of Seymour Phosphor Bronze is the thorough 

work of our well-equipped laboratory. Strict compliance with 

standard specifications, and with a customer's individual needs, 
is made a certainty in Seymour Phosphor Bronze by careful, scientific 
check from melt to final inspection. 


In the casting department each heat is numbered and sampled. If 
satisfactory, the batch proceeds on its way. During its journey frequent 
tests are made in the laboratory, where hardness, tensile strength, 
elongation, ductility, grain structure — all important properties — are 
accurately determined. If at any stage the sample fails to meet the 
requirements set for the order, the batch is located by its heat number 
and promptly withdrawn. Any program less rigorous would endanger 
@ standard of uniformity which is a fixed ideal in the Seymour plant. 


if you would like to know how Seymour Phosphor Bronze will meet 


vour needs, we will gladly supply samples for test purposes. 


REMEMBER THE NAME 


SEYMOUR 


PHOSPHOR BRONZE 


THE SEYMOUR MANUFACTURING COMPANY, 65 FRANKLIN STREET, SEYMOUR, CONNECTICUT 


Specialists in Phosphor Bronze and Nickel Silver 
flso Manufacturers of Nickel Anodes 
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6 Characteristics of Seymour Phosphor Bronze 


FREE CUTTING 


DUCTILE 


FRICTION 
RESISTANT 


NON-CORROSIVE 
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OIL and GAS 


CRUCIBLE 
and 


CRUCIBLE 


FURNACES 


Make High Grade Alloys... Cheaper 


Time after time Hausfeld Furnaces have 
enabled metallurgists to produce high 
grade alloys, ferrous as well as non-ferrous, 
at substantial savings in cost. Thirty years 
experience in designing furnaces of varied 
types qualify us to render valuable assist- 
ance in turning out alloys of correct anal- 
ysis and in duplexing metals for all 
industrial purposes. Tell us vour problem. 


The Campbell-Hausfeld Company 


Harrison, Ohio 


400-420 Moore Street 


Paid for itself — 
IN LESS THAN ONE YEAR 


**Retort carburizing, 


@ A well-known concern says: 
figuring conservatively, saves us 2¢ per pound.” 


® This means that equipment pays for itself in less 


than a year—Investigate. 


American Gas Furnace 
Company ® Elizabeth, N. J. 


Represented in Principal Cities 


Correspondence 


such as the rejection of definite crystals of a dis- 
persed phase, demands the presence of an ade- 
quate supply of the stranger atoms, it is obvious 
that progress as a whole will be dictated by the 
diffusional stage. The actual form of the age 
hardening law which has been obtained is evi- 
dence of this and also that the attainment of 
maximum hardness constitutes a balance be- 
tween Opposing processes, a view which had pre- 
viously been supported on the grounds of non- 
simultaneous attainment of maxima in resistivity 
and hardness; increase in the latter after the 
former has begun to fall must mean that cluster 
formation is still proceeding when definite re- 
jection of alloying atoms in finely dispersed crys- 
tals has commenced. 

This involves the view that only a limited 
proportion of the excess solute atoms, usually re- 
garded as available for age hardening, are in- 
volved in the clusters at the time of attainment 
of maximum hardness; in the case of copper- 
aluminum alloys there is further evidence in that 
low temperature heat treatment of material pre- 
viously aged at room temperature at first causes 
softening (presumably eliminating the previously 
existing clusters by ervstal formation) but later 
allows hardening to proceed as effectively as in 
freshly quenched material. It is possible that 
the behavior of monel metal containing alumi- 
num on reheating at a lower temperature could 
be explained on the basis of the small proportion 
of stranger atoms “used” in the first aging; such 
an explanation would be more satisfactory than 
Merica’s remark in his article in Progress 
in March (page 48) that this alloy is softened at 
high aging temperatures “because the hardening 
constituent goes back into solution.” 

The relationship developed above is also use- 
ful in limiting the experimental work necessary 
fully to compare the age hardening characteris- 
tics of allovs over a range of temperatures. — It 
also furnishes a means of interpolation between 
results obtained at different temperatures, and 
estimates may be made on this basis of the sta- 
bility of the age hardened state. For example. 
the results of aging duralumin at high tempera- 
tures indicate that at room temperature there 
would be no falling off of hardness within a mil- 


lion years. 


H. BuCKNALL 
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om SOME NOTES ON BETHLEHEM ALLOY STEELS sue 


els 


Ti: characteristic property that vanadium im- 
parts when alloyed with steel is finer-grained struc- 
ture. The benefits of vanadium are not entirely 
reflected by the percentage that the steel contains. 
Vanadium is a strong deoxidizer and acts in that 
capacity when added to the molten metal. The et- 
fects of vanadium on the physical properties of a 
heat-treated steel are to promote ductility and ac- 
centuate the benefits of other alloying elements, 
such as manganese and chromium. 

The chrome-vanadium steels, which come under 


the S. A. E. 


per cent chromium and a minimum of 0.15 per 


61xx Series, carry from U.80 to 1.10 
cent vanadium. These steels are made with a car- 
bon content in standard ranges of from 0.10 to 
1.05 per cent. In the lower carbon ranges, up to 
0.25 per cent, this type of steel is used for car- 
burized parts, such as pneumatic-tool parts, 
wrenches, roller-bearing cones, pistons, and other 
uses subject to wear involving high stresses. 

In the 0.35 to 0.45 per cent carbon range, 
chrome-vanadium steels find application as oil- 
hardened heavy-duty axles, shafts, driving parts, 
gears, pinions and similar parts. Because of its 
resistance to rapid deterioration when exposed to 
hydrogen gas at high temperatures and high pres- 
sures, this grade has also found considerable ap- 
plication in the chemical industry. 

Chrome-vanadium steels in the 0.45 to 0.55 car- 


bon range have been used in considerable tonnages 
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61-40 “Tao “Kao Axo 45 


Brin. ELD 


QUENCH 1600°F I600F I600°F 1600°F 
800°F 900F 1000°F 1200°F 1300'F 
NORMALIZED 1650°F ROUNDS QUENCHED In 


® Physical properties of 8. A. E. 61-40, a heavy-duty chrome 
vanadium stee 


for flat springs. These steels have also been used 
for coil springs, mostly in the smaller sizes. In the 
automotive held a flat leaf of chrome-vanadium 


steel is applied only for special-purpose or heavy- 


spring steel (10-95) in the spring assembly. 


In the higher carbon ranges, chrome-vanadium 
steel is applied only for special-purpose or heavy- 
duty work, as in rams, liners, anti-friction bear- 


ings, and machine-tool parts. 
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PROBLEMS in HARDNESS TESTING 


Solved at Minimum Cost Our Bulletins Tell How 


For 100% portable hardness testing for metals the 
SCLEROSCOPE is used the world over, described in our 
bulletins S-22 and S-30. 

For testing rubber our bulletins R-4 and R-5. 

For testing the Qualitative and Quantitative hardness 
under the static method of all known materials including 
dead soft or superhard metals, sub-surface testing, etc., 
send for bulletins M-3, M-6 and M-7 descriptive of the 
MONOTRON, now in general use. 


4 selection from this line will definitely meet with your requirements 


THE SHORE INSTRUMENT & MFG. CO. 


Van Wyck Ave. & Carll St. Jamaica, New York, N. Y. 


GENERAL ALLOYS CO. 


BOSTON - CHAMPAIGN 


Alloy Cast Iron 


(Continued from page 47) 
of the future is likely to be a chilled cast iron, 
cast white or chilled in the zone where the piston 
rings travel back and forth. Liners of the 4.5% 
Ni, 1.30 Cr composition, possessing a hardness 
over 700 Brinell or 850 Vickers “as cast.” have 


Chilled [rons With Machinable Backs 


Chemical Analysis 2Xx6xX4-In. Chill Block 
Surface| Back 

ness | ness 

3.62 | 0.65 _ 2.00 | 464 | 269 
5.65 | O66 | 0.19 1.80 | 474 | 217 
5.89 | 0.70 | 0.30 1.70 | 484 | 212 
3.62 | 0.64 | 1.35 | 49) 190 

3.62 | 0.72 1.00 0.45 512 17 

5.54 | 0.74 | 2.04 Grey | 530 192 
5.60 | 0.68 | 5.52 Gray | S573 | 212 
5.54 | 0.72 | 5.05 Grey | Grey | 232 
349 | 0.98 | 1.55| 0.89 | 1.70 | 555 | 286 
5.46 1.02 | 289 | 0.84 | 0.85 | 584 316 
SP 1.02 | 4.34 | 0.85 | 0.30 | 652 | 387 


been made. (See the cut on page 47.) Further 
work will demonstrate whether the resulting high 
hardnesses obtained can be depended upon to 
reduce wear to a negligible rate. Castings of this 
tvpe require the utmost skill on the part of the 
foundrymen in the production of uncracked cast- 
ings with smooth, clean surfaces. Wear tests in 
an Amsler testing machine, running Ni-hard 
against itself without lubrication indicate a wear 
rate 8 to 25°) that obtained for plain chilled iron 
run against itself in parallel tests. 

Most present applications involve wear 
against abrasives, such as rock, cement, coal, 
where lubrication is not a factor. Tons of Ni- 
hard have been made for crusher jaws, rolls, ball 
and rod mill liners, pump parts, plows, chutes 
and grizzlies, and for similar castings in the ce- 
ment, coke, coal, clay, gravel, sand, dredging and 
farming industries. blast nozzles and 
equipment for pumping concrete utilize the ma- 
terial. Ni-hard forging dies have also given a 


account of themselves. 
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—by the continuous furnace brazing method 


Metal parts In Various shape s and sizes ferrous and non-ferrous “ure bein 


yp joined neatly, se irelv and 

economically in continuous brazing equipment similar to that shown above and below Che assemble 
are loaded on a traveling belt, carried through this equipment in our special, inexpensive atmosphere and 
discharged, securely joined—clean and bright. . Products difficult or expensive to make In one piece 
can now be made in several pieces and joined—thus not only reducing the cost but actually improving the 
quality and appearance. Products requiring several stampings joined or requiring screw machine 
parts, forgings and stampings to complete the unit, can be neatly and economically joined right in you 
own shop. . Any number of joints in the same product or any number of pieces can be ined at one 
time rhe most intricate parts or assemblies are made to actually 

“grow together.” and joints made which are as trong as the 

original parts. On some parts it is possible to anneal and braze 

In one operation We will be glad to give you additional informa 

tion, put samples of some of youl products through th s equipment 

to show you the results you can expect, and give you an estimat 

on the cost of the equipment to handle your production, together 

with operating cost, et Investivate the izing proce for 

jour products You car n metal parts, neater, cheaper and 


stronver bv this met? aj 


© THE ELECTRIC FURNACE CO. 


Fuel Fired Electri 
SALEM, OHIO 
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Look Into Chis Mold! 
15% 


Fewer molds 

Fewer stools 

Fewer buggies 

Fewer hot tops 

Less wear on nozzles 


Less handling 
More soaking pit capacity™ 
More rolling mill capacity 


On the tonnage of steel 
cast in round type molds 


Ir you are now producing round type ingots, this new rectangular corrugated mold 
of Gathmann design* can effect these tremendous savings in your production costs. 


When the round corrugated ingot was the best type available, these greater costs were 
justified. Today in mill practice they represent just that much waste. 


More important even than the savings in production cost is the improvement in the 
quality of the product. Exhaustive tests in regular practice have established the fact 
that the product of this contour is definitely superior, sounder in both interior and 
surface. 

Cnly by actually using a jag of these improved Gathmann Molds can you appreciate 
their economy and the betterment they will effect in the surface and 
interior of your products. Send us a sketch of your present mill ingot 
and we will prepare a design for your consideration. 

«x U.S. PATENTS 184.94 


THE 


GATHMANN ENGINEERIN 
COMPANY 


INGOTS anp MOLDS since 13808 BALTIMORE, MARYLAND 
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